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DISODIUM PHOSPHATE AS A CATALYST FOR THE 
QUANTITATIVE OXIDATION OF GLUCOSE TO 
CARBON DIOXIDE WITH HYDROGEN 
PEROXIDE. 


By EDGAR J. WITZEMANN., 


(From the Otho S. A. Sprague Memorial Institute, Rush Medical College, 
Chicago.) 


(Received for publication, July 13, 1920.) 


The experiments deseribed in this paper represent a confirma- 
tion and extension of part of LOb’s observations on the influence of 
phosphates on oxidative glycolysis. By the experiments herein 
described it is proved that disodium phosphate catalyzes the quan- 
titative oxidation of glucose to carbon dioxide by hydrogen per- 
oxide. Additional experiments on the influence of the carbonates 
of sodium and other compounds are included and a partial inter- 
pretation of the results is offered. 

Previous experiments on the influence of phosphates on the oxi- 
dation of butyric acid! with hydrogen peroxide were being extended 
by further experiments when it was realized that if the results of 
Lob and his coworkers,?:* on the influence of phosphates on 
glucose oxidation with peroxide, could be demonstrated by an 
adequate method the results would help clarify the influence 
of phosphates on butyric acid oxidation and have considerable 
interest in other ways. The results of some earlier work on the 
oxidation of glueose? indicated that probably the amount. of 
oxidation observed by L6b could be exactly determined by the 
method suggested by those data. This was confirmed. 


Witzemann, E. J.. J. Biol. Chem., 1918, xxxv, 83 

‘Lob, W., and Pulvermacher, G., Biochem. Z., 1910, xxix, 316. Léb, 
W., and Gutmann, 8., Biochem Z., 1912, xlvi, 288. Beysel, W., and Lob, 
W., Biochem. Z., 1915, Ixvini, 368. 

Lob, W., Biochem. Z., 1911, xxxii, 43. 

4Witzemann, J., J. Am. Chem. Soc., 1916, xxxviii, 150. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLV, NO. 1 


| 

j 

i 

| 
| 


2 Oxidation of Glucose 


The statements under consideration as given in Léb’s sum- 
mary® are quite definite and are in part as follows: 


‘“(1) In salt-free sugar solutions hydrogen peroxide produces only a 
vanishingly small amount of oxidative glycolysis. 

(2) The glycolysis is markedly increased by raising the hydroxyl] ion 
concentration. 

(3) With the small OH ion concentrations in solutions having the 
alkalinity of blood, which is only slightly different from that of water, 
glycolysis is very slight if it is not accelerated by phosphates. 

(4) The phosphate ions accelerate the glycolysis by the OH ions; the 
most favorable OH ion concentration within the limits tested lies at pH 
8.302 to 7.070. At pH <= about 5.600 there is no longer a perceptible 
OH ion effect exceeding that of pure water, even in the presence of phos- 
phate ions. 

(5) The aeceleration of the glycolysis increases with constant OH ion 
concentration with increase in the absolute amount of phosphate 
added.”’ 


An examination of the experimental data, however, leaves one 
in doubt as to whether Lob really measured the oxidative glycoly- 
sis. In fact Michaelis and Rona’ were not convinced by Léb’s 
data and interpreted his observations differently. Obviously his 
determination of optical rotation and the reduction of Fehling 
solution by the glucose solutions before and after oxidation was 
not a determination of the absolute amount of oxidation. Conse- 
quently the term “oxidative glycolvysis,’’ which he uses to deseribe 
these phenomena, might include two processes. 

(a) Destruction of glucose by oxidation at the expense of oxy- 
gen from the hydrogen peroxide used. This is what Lob meant. 

(b) Destruction of glucose by intramolecular rearrangement 
under the influence of alkali. This kind of chemical change ts 
what Michaelis and Rona appear to think Lob really saw at least 
in part. 

If a neutral phosphate system such as LOb used, which is known 
to be a constituent of many living organisms, has any consider- 
able effect upon oxidation the scope and nature of the effects 
should be known. The possible importance of such facts biologi- 
cally for instance, when considered in relation to the well known 
indispensible relationships between phosphates and much normal 
cellular oxidation, is too obvious to require further comment. 


6 Michaelis, L.. and Rona, P., Biochem. Z., 1912, xlvii, 447. 


i 
; 
| 
| 
| 
| 
| 
‘ 
; 


EK. J. Witzemann 3 


The data deseribed in this paper are sufficiently definite to give a 
new interest to the many facts already in hand in this field and to 
serve as a definite point of reference in the further study of these 
questions. 

The results described here have a general interest in another 
way also. In the interpretation of the action of alkaline sub- 
stances on sugars two points of view are recognized. According 
to the one the known effects of alkaline substances on sugars are 
due essentially to the hydroxyl ions. The other older view recog- 
nizes that the undissociated molecules and other ions may also 
aid or produce other effects than those of the so called hydroxy! 
ion effects. Without reviewing this problem any further in this 
paper it may simply be stated that the data herein presented offer 
varied and interesting support for the latter view. 


EXPERIMENTAL, 


Considering the importance of LOb’s claims from several points 
of view it seemed highly important to determine accurately how 
much oxidation actually took place in his experiments with phos- 
phates. This, it was thought, could be done, by applving the 
results of the author’s previous study of the complete oxidation 
of glucose with potassium permanganate? to the analysis of the 
results obtained by L6éb’s experiments. 

1. Methods of Analysis..-Previous experiments on the oxida- 
tion of glucose showed that in alkaline solution it is quantitatively 
oxidized to carbon dioxide and oxalie acid with potassium per- 
manganate. The oxalic acid in turn is quantitatively oxidized to 
‘carbon dioxide by permanganate in sulfurie acid solutions. The 
plan was therefore as follows: 

1. Oxidize glucose with hydrogen peroxide in the presence of 
phosphates just as L6éb did. 

2. After the expiration of the proper time interval add excess 
manganese dioxide to decompose unchanged hydrogen peroxide. 

3. After decomposition is complete filter off the manganese 
dioxide, washing the filter and the original flask thoroughly. 

4. Add excess sodium hydroxide solution. 


5. Add an accurately known amount but excess of a strong 
accurately standardized solution of potassium permanganate 
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4 Oxidation of Glucose 


(about 3 gm. per 100 ec.). Heat this mixture to boiling and set 
aside over night after covering the top of the hot flask. 

6. Add excess concentrated sulfurie acid. | 

7. Add an accurately known amount but excess of an accurately 
standardized solution (about 6 gm. per 100 ec.) of oxalic acid, 

8. Dilute the clear colorless solution to a convenient definite 
volume and using an aliquot portion titrate back the excess oxalic 
acid with dilute potassium permanganate solution (0.1 N). 

9. Calculate the total permanganate required for complete oxi- 
dation of the solution in No. 8, add the permanganate added in 
the beginning, and substract the permanganate equivalent of the 
oxalic acid used. The result is the amount of permanganate uti- 
lized by the glucose or other incompletely oxidized compounds 
present and may easily be calculated to its glucose equivalent. 

In order to test the accuracy of the above method a solution of 
pure glucose containing 10 gm. per liter was prepared. 20 ce. of 
this solution, containing 0.200 gm. of glucose, 15 ce. of 85 per cent 
sodium hydroxide solution, and 75 ce. (= 2.028 gm.) of potassium 
permanganate solution were heated to boiling. After standing 
over night excess concentrated sulfuric acid was added and then 
50 ec. (= 1.519 em. of KMnQO,) of an oxalic acid solution. This 
colorless solution was diluted to 500 ec. in a graduated flask. 245 
ec, portions were titrated back with 0.0996 N potassium perman- 
ganate. 5.70 ec. were required. 5.70 & 20 & 0.008146 = 0.359 
gm. of KMnQ, required for the excess oxalic acid that was added. 


2.028 gm. KMnQ, originally added. 

0.359 “ KMnQO, required for excess oxalic acid. 
2.387 “ KMnO, used (total). 

1.519 “ WKMnO, equivalent of oxalic acid added. 


O.S68 “ KMnO, reduced by the glucose. 
Since 2.40 molecules of KAInQO, are required to oxidize 1 mole- 
cule of glucose to carbon dioxide the equation 


TOS.A:1S0 = 
x = 0,206 gm. glucose 


gives the amount of glucose originally present. 
Another oxidation made at the same time gave 0.198 gem. of 
glucose. 
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These were the results obtained with the first pair of oxidations 
tried and give fairly the maximum analytical error as demonstrated 
by subsequent experience. The results show that the method will 
be satisfactory provided the amount of oxidation observed exceeds 
the experimental error of 2 or 3 per cent.® 


Experiments with the Phosphates of Sodium. 


2. Repetition of Lots Experiments.—Having established the 
fact that it is possible to determine glucose quantitatively in the 
proposed way the author repeated and analyzed by the method 
deseribed above a number of the experiments carried out by Lob. 

In Table I the results obtained in five oxidations carried out at 
room temperature for Just 1 week are given. ‘The results are 
‘calculated as though the oxygen required by the unoxidized com- 
pounds in the solution was all consumed by unchanged glucose. 
This is almost certainly not entirely true but since the incom- 
pletely oxidized compounds are possibly a complex mixture, 
difficult to analyze,’ it seemed permissible and correct for the pur- 
poses of comparison to calculate the permanganate consumed to 
glucose. The results show that the influence of the phosphates 


6A similar method was developed by Greifenhagen and coworkers 
(Greifenhagen, W., Konig, J.. and Scholl, A., Biochem. Z., 1911, xxxv, 
169), and was found sufficiently accurate in use by Levene and Meyer 

Levene, P. A., and Mever, Gi. M., J. Biol. Chem., 1912, xii, 265). These 
results were discovered after the completion of my own work. 

7 On the basis of Lob’s earlier work (Lob, W., Biochem. Z., 1908, xii, 7S, 
1; 19090, xvii, 182. Lob, W., and Pulvermacher, G., Biochem. Z., 1909, 
xvii, 345. Lob, W., Biochem. Z., 1909, xx, 516; xxii, 103; 1910, xxiii, 10; 
xxvi, 231), but specifically on the basis of a later statement (Lob, W., 
Biochem. Z., V915, Ixviil, 368) it might be concluded that the incompletely 
oxidized compounds are formic and polyhydroxy acids arising from formal- 
dehyde and pentoses. ‘Tests on solutions from complete oxidations known 
t» reduce permanganate equivalent to 0.02 to 0.04 gm. glucose in 75 ce. 
yave distinct tests for sugar with Haines’ or Fehling’s solution. Since 
this is near the limits of sensitiveness of these reagents, it appears that no 
large proportion of intermediate oxidation products (between hexose 
and CQ.) ean be present. This appears to conform with the observations 
of Smolka (Smolka, A., Sitzungsh. Math. Natur. Akad. Wiss., ISS7, xev, pt. 
ii, 5) on the oxidation of glucose with insufficient neutral permanganate, 
who reeovered only final oxidation products (HCO.H, H.C.O4, and 
and the caleulated amount of unchanged glucose. 
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6 Oxidation of Glucose 


is progressively greater with increasing concentration, but that it 
is not a linear function of the concentration since the relative 


acceleration diminishes with increasing phosphate concentration, & 
The results in Table Il were obtained under exactly the same es 
conditions as those in Table I except that the solutions were kept = 


98 hours (4 days, 2 hours) in an incubator at 37°C. 


TABLE T. 


Glucose + H,O, 4+- Phosphates at Room Temperature. 


20 ec. glucose solution (0.200 gm.) + 20 ec. 3 per cent HO, in total volume 
of 75 ee. 


0.33 


NasHPOs. Reaction. | -overed. | oxidised. 

cc. ce. pil gm. percent 
0.0 0.0 35 7.07 0.2006 0.00 
2 1.6 O 4 33 7.347 0.1868 6.85 
3 6.4 1.6 27 7.347 | 0.1210 | 39.50 
4 16.0 4.0 15 7.347 0.0658 | 67.10 
5 25.6 7 | 


347 | 0.0442 | 77.90 


TABLE li. 
Glucose + HO, + Phosphates at 37°. 


20 ce. glucose solution (0.200 gm.) + 20 ce. 3 per cent H,.O, in total volume 


of 75 ec. 

033M 6.33 Glucose Glucose 

No POs NallePOss HeO Reaction. recovered. oxidized. 
ce. cc. ce. pH ym. per cent 
0.0 0.0 35 7.07 | 0.186 6.50 

2 16 0 4 33 7.347 41.85 
3 6.4 1 6 27 7.347 | 0.019 90.50" 

4 16.0 4.0 15 7.347 0.0384 83.00 

5 25.6 6.4 3 7.347 | 0.0385 | 82.50 | 
*In the experiments at 37° it was generally observed that oxidation a 
was less complete in No. 5 than in Nos. 3 or 4. Special experiments to m3 
interpret this apparent anomaly have not been done but the effect appears ca 
to be due to the fact that the velocity of oxygen activation by the a 
Na. HPO, is greater than the velocity of oxygen consumption and conse- ce 

quently the excess active oxygen is lost as such from the reaction mix- a 
ture. This interpretation is so far supported by facts given in this paper ee 
and by others not mentioned. Rs 
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3. Fate of the Glucose.—The results given above prove quite 
conclusively that the glucose is oxidized. Of the large number 
of compounds into which it could conceivably be converted with- 
out oxidation only a small number are not completely oxidizable 
to carbon dioxide by permanganate in acid or alkaline solution.® 
Nevertheless it seemed necessary to demonstrate actually that 
‘carbon dioxide was an important product of this oxidation. 

All the experiments on carbon dioxide recovery were done with 
mixtures corresponding to No. 5in Tables and II. In determin- 
ing the CO, the oxidation mixture was placed in a round bottom 
flask attached to a reflux condenser and arranged so that CQO».-free 
air could be bubbled through the mixture and then passed through 
wash bottles containing clear barium hydroxide solution.’ On 
warming the flask nearly all the CO. was driven over. Ixcess 
dilute sulfuric acid was finally added and the mixture heated to 
boiling. 

A. 75 ee. of such a solution, which had been kept in the incu- 
bator until all peroxide was gone and in which oxidation was 
nearly complete, gave in the CO. apparatus 0.13 gm. of barium 
‘arbonate or about 10 per cent of the calculated CO, yield. The 
rest of the COs had been lost into the air. 

B. 75 ce. of such a solution after 10 days at room temperature 
gave 0.69 gm. of BaCO:, equivalent to 0.154 gm. of COs» or a 52.6 
per cent vield of CO.. The solution, to which excess sulfurie acid 
had been added while in the CO. apparatus, was alkalinized with 
sodium hydroxide, treated with MnO, to remove unchanged perox- 
ide, filtered, and treated as usual with permanganate. The per- 
manganate consumed was equivalent to 0.0749 gm. of glucose or 
37.5 per cent recovered. 52.6 + 37.5 = 90.1 per cent of the 
0.200 gm. of glucose used recovered in this way. 

Results similar to this were obtained under the same conditions 
a number of times. 


‘It was not until the experiments described above had been completed 
that it was suspected that oxidation to CO, was nearly quantitative. Lob 
expressed the opinion that formic and polyhydroxy acids are the main 
products and there was no reason to doubt this until the small amount of 
permanganate required to complete the oxidation suggested that the oxi- 
dation might already be largely completed to CO,:. 

9 Evans, W. L., and Witzemann, EF. J., J. Am. Chem. Soc., 1912, xxxiv, 
1086, 
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8 Oxidation of Glucose 


(. In order to obtain a more complete conversion into CO, 
and a good recovery the oxidation was set up in the incubator. 
Two strong round bottom 300 ec. flasks, one of which contained 
barium hydroxide solution and the other the glucose oxidation 
mixture, were connected by a glass tube having two right angle 
bends in rubber stoppers. The stoppers were wired in and then 
covered over with molten paraffin. The whole was placed in the 
incubator at 87°C. and agitated a few moments every day for a 
week. It was then taken out and allowed to stand at room tem- 
perature several days with occasional agitation. The oxidation 
mixture gave 0.28 gm. of BaCQOs; in the CO. apparatus. The 
attached Ba(OH). flask gave 0.83 @m. of BaCQO;. This corre- 
sponds to 0.2474 gm. of CO. altogether or an 84.4 per cent vield of 
CO.. The oxidation mixture treated as in (B) reduced perman- 
ganate equivalent to 0.0195 gm. of glucose or 9.8 per cent of the 
glucose used. S4.4 + 9.8 = 94.2 per cent of the glucose recovered 
in this way. 

On the basis of these results there can be no doubt that the glu- 
cose unaccounted for by the permanganate consumed is really 
oxidized to COs. 

In developing the above proof that practically quantitative oxi- 
dation to CQ. is obtained several other facts were observed. 

1. The carbon dioxide formed is freely and easily lost from the 
solution during the oxidation even at the room temperature. In 
this the oxidation resembles vital oxidation in which the carbon 
dioxide is spontaneously lost during respiration. As much as two- 
thirds or more of the earbon dioxide obtained is evolved and ab- 
sorbed by barium hydroxide in a closed apparatus at 37°C, 

Ordinary alkaline oxidation svstems, although they undergo 
changes in many ways similar to those occurring in living organ- 
isms, differ in that the CO. formed is bound and held in the system 
as carbonate or bicarbonate. This easy formation and loss of 
COs is probably the most important physical characteristic of a 
vital oxidation system. It is not yet certain to what extent the 
phosphate systems can carry out the other functions belonging to 
alkaline systems, that are so important in the non-oxidative trans- 
formations of sugar in organisms, but indications are not lacking 
that they can also aid in some of these changes under suitable 
conditions, 


Fs 
- 
| 
4 
| 
3 
> 
; 
if 
> 
€ 
> 
; 
4 
a 
« 
n 
3 
| 


E. J. Witzemann g 


2. The solutions in which all hydrogen peroxide had disappeared 
and which contained material oxidizable by permanganate equiv- 
alent to only 0.02 to 0.04 gm. of glucose in 75 ce. (7.¢., 0.027 to 
0.053 per cent) reduced Fehling solution distinctly. Since this is 
close to the limits of sensitiveness of this test with pure glucose it 
is clear that most of the glucose attacked had been completely 
burned to carbon dioxide, and that no appreciable quantity of 
intermediate products such as polvhydroxy acids could be present. 

4. Influence of Additional Glucose and Peroxide.-On the basis 
of the results in the preceding section it was of considerable inter- 
est to know whether the same phosphate mixture would repeat- 
edly catalyze the oxidation of glucose. In other words whether 
the products of the reaction in any way “poison’’ the catalyst 
If COs is the sole final product and if it is evolved as was shown 
above, the phosphate mixture should serve repeatedly in this oxi- 
dation just as it is known to do in the fermentation of glucose." 

Experiment 5, Table II, was set up in the incubator. After 3 
days it was free from peroxide. 0.20 gm. of glucose and 20 ce. of 
3 per cent peroxide were again added. After 1 week in the ineu- 
bator the peroxide had again disappeared. The same materials 
were again added. After another week this was repeated. On 
determining the permanganate consumed in the usual way it was. 
found to correspond to 0.0831 gm. of glucose. Since 0.80 gm. of 
glucose had been used this corresponds to 10.4 per cent of the 
glucose used, which is about what is recovered from a single 
experiment of this kind. 

These results show that the functional activity of the disodium 
phosphate is not impaired in the eatalvsis. Since this does not 
occur it is clear that the disodium salt is not changed into mc no- 
sodium phosphate by the carbonic acid, nor any other acid inter- 
mediate oxidation product, to any marked extent. If sodium bi- 
carbonate were formed in this way the oxidation would be retarded 
or stopped in the typical way in which this compound acts (ef. 
Section 7). 


'° Harden, A., and Young, W. J., J. Chem. Soc., 1905, xxi, 189; Proce. 
Rou. Soc. London, Series B, 1906, xxvii, 405; 1908, Ixxx, 299; 1909, Ixxxi, 
336. Young, W. J., Proc. Roy. Soc. London, Series B, 1909, Ixxxi, 529. 
Harden, A., and Young, W. J., Biochem. Z., 1911, xxxii, 173. Young, 
Biochem. Z., 1911, xxxii, 177. 
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10 Oxidation of Glucose 


5. Influence of Changing the Ratio of the Phosphates.—The results 
in Table III constitute a repetition of part of Léb’s experiments 
(Table X1)*° on the influence of a change in the ratio of the two 
phosphates. All the experiments were set up in 250 ec. Florence 
flasks and kept in the incubator for 45 hours before analyzing. 


TABLE III. 
25 ec. (0.25 gm.) glucose -+- 25 ec. HeO, + 20 ec. salt solution + 5 ce, 
water at 37°. 


(; lucose Cilucose 


No NasHPOs. | Ne Reaction. | recovered. | oxidised 
ee, ee, pH gm. | percent 
1 0 25 | 
3 10 10 5 S13 0206S 
4 4 16 5 7.4 
5 2 IS 5 5.910 | 0.23422 | 6.3 


TABLE IV.* 


20 ec. glucose (0.200 gm.) + 20 ce. 3 per cent HO.» at 37° for 10 days. 
(;lucose 
recovered after 

2 days. 


0 33 33 
NaeH POs. Na Os. recovered. 


ee ce. ce, qm, gm. 
25.6 6.4 59 | 0.0242 0.0387 
2 25.6 32.0 34 0 O180 0.0271 
3 25.6 64.0 2 0.0166 


* All the experiments in this table have a total volume of 131 ec. The 
reaction of No. | is distinctly alkaline to litmus paper while that of No. 
3 is distinetly acid. Accordingly pH passes from a point on the alkaline 
side (about 7.347) to a point decidedly on the opposite or acid side ot 
neutrality. 


The results show a diminishing velocity of glucose oxidation as 
the ratio of monosodium phosphate used increases or as the ratio 
of disodium phosphate decreases. 

From these experiments alone it might be concluded that the oo 
OH ion is significant in this oxidation but results given in the 
next paragraph do not confirm this idea. 

When the ratio of the two phosphates is changed by changing 
the amount of monosodium phosphate but keeping the disodium 
phosphate constant in amount different results are obtained. 
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The results in Table IV show that in the presence of a constant 
amount of disodium phosphate increasing amounts of monoso- 
dium phosphate do not retard the oxidation of glucose. In fact 
the presence of the monosodium phosphate seems to facilitate the 
completion of the glucose oxidation in spite of the fact that rela- 
tively No. 3 is comparable with No. 4 in Table III as far as the 
proportion of the two phosphates is concerned. Exactly the same 
result was obtained with Nos. 1 and 2 when they were allowed 
to react only 2 days. No velocity experiments have been made 
to determine whether the excess NaH»PO, retards the oxidation 
as it does the evolution of Os from HeOs but the results as given 
indicate that it does not. 

It seems clear that if LOb had done these experiments, as well 
as some others described below, he would have found it impossible 
to ascribe so much influence to the OH ions in this catalysis, as he 
did. 

6. Influence of Time on the Oxidation.—-In order to follow the 
glucose oxidation from day to day a large experiment containing 


TABLE V. 


Glucose. 
gm. 


* When the results described in this table are plotted the two values 
marked with the asterisk lie considerably outside the curve. This is 
due to the fact that undecomposed hydrogen peroxide was still present 
when the potassium permanganate was added. Thus when two solutions 
containing exactly the same amount of glucose but one of which also 
contained 5 ec. of 3 per cent hydrogen peroxide were analyzed, without 
decomposing the peroxide, the former was found to contain 0.1802 gm. of 
glucose by the complete oxidation method. The other containing the 
peroxide apparently contained 0.2165 gm. of glucose when calculated on 
the basis of the oxygen consumed. ‘This difference is due to the well 
known fact that hydrogen peroxide reduces permanganate with the evolu- 


tion of oxygen. 
The results are given in this form in order to illustrate this error. 
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12 Oxidation of Glueose 


six times as much material as No. 2 in Table II was set up and 
placed in the incubator at 87°. 75 ee. of this solution (ccrre- 
sponding to 0.200 gm. of glucose) were taken out for analvsis at 
definite intervals as indicated in Table V. 


Experiments with the Carbonates of Sodium. 


The preceding results clearly confirm Lob’s claim that in the 
presence of phosphate mixture glucose is oxidized by hydrogen 
peroxide. Since he failed to observe appreciable amounts of oOxi- 
dation when he used the other common reaction regulator mixtures 
it seemed unnecessary to test these again for the present. It did 
seem advisable, however, to make some experiments with the 
‘carbonates of sodium for several obvious reasons. 

Influence of Sodium Carbonate-Bicarbonate. lf the phos- 
phates do not exercise a catalytic effect in this oxidation and the 
effect observed is due to OF ions then an equimolecular amount 
of sodium carbonate and bicarbonate should have fully as much 
effect. That this is not true was definitely established by the 
following experiment in which 2.43 @m. of NasCOs.10H.O, 0.72 
gm. of NaHCOs, 35 ce. of distilled water, 20 ce. (0.200 gm.) of 
glucose solution, and 20 cc. of 8 per cent HeOs were kept 4 days at 
37°. Upon analysis the peroxide was found to have been com- 
pletely decomposed and equivalent of 0.1902 gm. of glucose was 
recovered; 7.¢e., 5 per cent was apparently oxidized as against SO 
per cent oxidized with the corresponding phosphate mixture. 

In the above experiment the two carbonates were used in the 
same molecular amounts and proportion as the two phosphates in 
Experiments 5 in Tables I and II. The solution therefore con- 
tained at least the same amount of available alkali but had a 
somewhat higher OH ion concentration than the phosphate mix- 

ture referred to. If OH ion concentration and available alkalt 
are the controlling factors in these oxidations this experiment 
should have shown as much or more oxidation than was obtained 
with the phosphate mixture. 

8S. Influence of H.2CO,; and NaHCO;.—The results in Table V 
suggest that the velocity of decomposition of sodium bicarbonate, 
possibly produced in the oxidation, may be a factor in determining 
the velocity of oxidation. The following three experiments were 
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done in order to test the influence of this condition. The exper- 
iments were set up in similar 250 ce. flasks and kept in the imeuba- 
tor for 24 hours at 37° after which they were analyzed in the usual 
manner, 

(1) 32.0 ce. of 0.833 mM NaH.PO, solution + 1.22 gm. of 
NaoCO.. LOHLO. This mixture effervesced in the cold. It was 
heated to boiling to expel COs, cooled, and the following were 
added: 3 

20 ce. (0.200 gm.) of glucose solution, 20) ce. of 3 per cent 
H.O., 8 ce. of distilled water. O.O761 gm. of glucose was recov- 
ered, 

(2) Components the same as in (1). 

All ingredients were mixed except the peroxide before adding 
the NacsCOs;.10H-.O in order to prevent the loss of CO. as much 
as possible. 0.1906 @m. of glucose was recovered, 

(3) 25.6 of 0.833 Mm solution. 

6.4 * “ 0.33 “ NaH.PO, 

20.0 * (0.200 gm.) of glucose solution. 
20.0 “ of 3 per cent HeOQse. 

3.0 * * distilled water. 

0.0774 gm. of glucose was recovered. 

On the basis of the conditions of the experiments the results of 
(1) and (3) were expected to be identical because the reaction 
mixtures as used were identical. As a matter of fact the amount 
of glucose recovered was nearly the same in (1) and (3). It was 
expected that the oxidation in (2) would be somewhat slower. In 
fact only 5 per cent of the glucose was oxidized in (2) as compared 
with over 60 per cent in the others. This indieates that not only 
do HoCOs and NalHtCOs: not catalyze the oxidation of glucose with 
hydrogen peroxide but that they actually retard it. 

The interpretation of the influence. of the sodium carbonate 
added in (2) has not been fully established as vet. There are 
several factors to be considered, three of which are as follows: (a) 
NaeCO; may under the conditions in (2) not react completely to 
give only NasHPO, and HeCOs; (b) if so, any NasCOs; or NaHCOs 
remaining would rapidly catalytically decompose the H.Os; (e) 
the presence of CO. to the point of supersaturation may retard 
the activation or dissociation of HeQs. 
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9. Influence of Sodium Carbonate.—The following experiments 
were done in order to determine what influence sodium carbonate 
exercises on the action of disodium phosphate. 

(1) 32.0 ce. of 0.833 M NaoHPO, solution. 

3.0 water. 
20.0 * “ glucose solution (0.200 gm.). 
20.0 * * 3 per cent hydrogen peroxide. 

0.0311 gm. of glucose was recovered. 

(2) Same as in (1) with 0.61 gm. of NasCO;.10H20. 

0.1741 gm. of glucose was recovered. 

(3) Same as (1) with 1.22 of 

0.1737 gm. of glucose was recovered. 

The solutions were kept in the incubator at 37°C. for 45 hours 
and on analysis the amounts of unchanged glucose given were 
found. All hydrogen peroxide present had been decomposed. 

The results show that sodium carbonate exercises a strongly 
negative influence on this oxidation in spite of the fact that the 
QOH ion concentration is higher in (2) and (3) and the available 
alkali in (3) is twice what it was in Experiments 5, Tables I and II. 

This negative influence on the final result of the oxidation may 
be due simply to the fact that the velocity of decomposition of 
peroxide by NavsCQOs is many times greater than that by NasHPO, 
and that the glucose oxidation induced by NaeCQOs itself is rela- 
tively small in comparison. 

The above observations on the influence of the carbonates of 
sodium permit us to conclude that, whatever the mechanism of 
(*O. formation in this oxidation may be, carbonates of sodium are 
not intermediate stages in the process of COs» liberation. 

10. Influence of Sodium Hydroxide. The following three experi- 
ments were done in order to determine the influence of sodium 
hydroxide on the effect of the phosphate mixture. 

(1) 25.6 ee. of 0.833 M NaoHPQOs, solution + 6.4 ce. of 0.83 M 
Nali.PO, + 20 ee. (0.200 gm.) of glucose solution + 20 ce. of 3 
per cent H.O. + 3 ce. of water. 

(2) The same as (1) except that one-half the water was replaced 
with 1.5 ce. (0.0857 gm.) of NaOH solution. 

(3) The same as (1) except that all the water was replaced with 
3 ec, (O.1714 em.) of NaOH solution. 
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After 503 hours at 37°C. the solutions contained no unchanged 
peroxide. They were analyzed and found to reduce KAMInO, cor- 
responding to glucose as follows: 

(1) O.OOS8SS gm. of glucose. 

(3) 

The sodium hydroxide has a perceptible but not a large retard- 
ing effect which is interpreted tentatively in the light of other 
experiments as due simply to its effeet in increasing the decompo- 
sition of the hydrogen peroxide. In this respect its activity is 
not so great as that of the carbonates which coincides with its 
smaller retarding effect on the action of the phosphate mixture. 

Mf. Partial Interpretation of the Influence of Disodium Phos- 
phate.—sSinece there are three compounds actively concerned in 
this oxidation reaction and since glucose and peroxide alone do not 
react appreciably there remain three possible ways of interpreting 
the reaction on the basis of the formation of molecular complexes, 
which are so frequently found to underlie catalytic phenomena. 

(1) NasHPOs and HeQO. may give an unstable complex which in 
turn reacts to oxidize glucose. 

(2) NasHPO, and glucose may form a hexose phosphate which 
is more sensitive to H.O. than free glucose. 

(3) The three compounds may form a single complex the insta- 
bility of which gives rise to the oxidation. 

(1) and (2) are readily capable of being tested experimentally 
by known methods. (3) could conceivably take place in several 
wavs none of which appears to be readily capable of experimental 
confirmation. 

The NacH PO Complex. That such a complex may be 
formed is suggested by the experiments of Petrenko on H.O», 
derivatives of NasPQO,.!' A perphosphate of NasHPO, is unknown. 
Moreover perphosphoric acid is apparently unknown.'? How- 
ever, pyrophosphorie acid gives a peracid with H.Oo, stronger 


1 Petrenko, G., J. russ, phys.-chem. Ges., 1902, xxxiv, 204, 391; Chem. 
Zentr., 1902, 1, 1263; 11, 95. Cf. also, Gemlin-hraut, Handbuch der anor- 
ganische Chemie, Heidelberg, 7th edition, 1906, 1, pt. 1, 146. 

‘2 Price, T. S., Per acids and their salts, New York, 1912, 77. 


of 
4 
oF 
ag 
| 
54 
5 
| 
at 
f 
#. 
~ 
| 
| 
2 
} 
| 
| 
of 


16 Oxidation of Glueose 


than Caro’s acid and which oxidizes Mn to KMnQO, and its sodium 
salt NayPeO; gives a stable persalt with 3 per cent H.O»." 

There is therefore some basis in fact, even in this little studied 
field, for the idea that NasHPO,; may form an unstable perphos- 
phate as is suggested in the succeeding paragraphs. 

Decomposition of Hydrogen Peroxide by the Phosphate Mixz- 
ture. Various experiments were done on the influence of NasHPO, 
on hydrogen peroxide although it is definitely stated™ that it is 
without influence on peroxide. My own experiments, which will 
not be described here, show that it does decompose hydrogen 
peroxide and that the presence of an equimolecular amount. of 
NaH.PO, retards but does not stop the decomposition, 


TABLE V1. 


0.1 N KMnO, Consumed by 5 Ce. of the Mixture. 


No. | 23 5 hrs. | 47.2 hrs. | 96.2 hrs. 
ec | ce. ce. 

22.40 22.62 22.45 

2 22.10 21.06 IS 45 

19 35 14.53 

17 06 65 4.31 

9 SH 4.08 


The only experiments to be described here represent a repeti- 
tion of the glucose oxidations at 37° in Table IL in which the glu- 
eose was omitted and in which the peroxide content was deter- 
mined at intervals during 96 hours. The results given in Table 
Vi indicate the amount of peroxide remaining, at the various inter- 
vals, in terms of ce. of O.L N KMnO,y consumed by 5 ec. of the 
mixture, 

The phosphate mixtures and the hydrogen peroxide were 
warmed for 24 hours at 37°C. before being mixed in order to pre- 
vent a lag which is otherwise observed during the first 24 hours. 


3 Schenck, R., Vorlander, F., and Dux, W., Z. angew. Chem., 1914, 
xxvii, pt. 1, 291. 
p. 1237. 
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The data show a progressively increasing decomposing effect 
with increasing phosphate content although the mixture is neither 
appreciably acid nor alkaline.!® 

In conclusion it may be stated that there are clear indications 
that NasHPO-H.2O2 may form an unstable complex, but as vet 
there is no satisfactory evidence. 

The NacgH PO.-Glucose Complex.—Harden and Young, von Le- 
bedew, and others!?:!® showed that, in the veast fermentation of 
glucose, NasHPO,; combines with glucose to form a hexose phos- 
phate ester. The presence of this complex was demonstrated in 
part by the fact that much of the phosphate was no longer pre- 
cipitated with ‘magnesia mixture.” Other hexose phosphoric 
esters have been obtained by chemical methods'? but the labora- 
tory preparation of von Lebedew,'® and the commercial manufac- 
ture'> of hexose phosphate ester are carried out only in the 
presence of growing yeast. It therefore seemed necessary to 
determine experimentally whether such a complex is formed in 
aqueous solutions of glucose and the phosphate mixture alone. 

A solution corresponding to No. 5 in Table II except that it 
contained 20 ce. of water instead of the peroxide solution was 
kept 38 weeks in the incubator at 37°C. At the end of this time 
the glucose content was found by reduction methods to be un- 
changed. After standing 8 weeks more in the laboratory the 


' It should be noted that the interpretation of this decomposition of 
H.Q, in this case cannot be attributed to the OH ion, since the solution has 
about the OH ion concentration of water, which is without influence. It 
is interesting to note in this conneetion that Sehenck, Vorlander, and 
Dux found that Na,gP.O; solutions, which are so alkaline as to feel 
‘soapy,’’ actually stabilize by forming a stable perpyrophosphate. 
Moreover, it was found in experiments which will not be given here that 
the presence of Na,P2O; with Na,HPO, retards or prevents the oxidation 
of glucose with H.O., but not by decomposing the H,O. as with NaHiCo, 
or NasCOs. 

16 yon Lebedew, A. V., Biochem. Z,, 1910, xxviii, 213; 1911, xxxvi, 248. 
Kmbden, G., and Laquer, F., Z. physiol. Chem., 1914-15, xeili, 94. Embden, 
G., Griesbach, W., and Laquer, F., Z. physiol. Chem., 1914-15, xeiii, 124. 

17 ("f, foot-note, Meyer, V., and Jacobson, P., Lehrbuch der organischen 
Chemie, Leipsiec, 2nd edition, 1902, ii, pt. 2, 927. 

Is('f, for instance Bayer and Company, German Patent 292,817, Feb- 
ruary 26, 1915; Chem. Abstr., 1917, xi, 1519. 
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phosphate was precipitated with “magnesia mixture” and weighed 
as the pyrophosphate. A solution of the phosphates alone made 
up to the same volume was similarly precipitated at the same 
time. The two precipitates after ignition showed the same 
weight, within a small fraction of 1 per cent, which shows that 
hexose phosphate ester was not formed to any significant extent. 

Similar solutions containing glucose and the phosphate mixture 
were kept under observation in the polariscope in comparison 
with glucose solutions without phosphates. In 4 days there was 
no measurable change in optical rotation in either solution. 

These data, taken with the absence of positive data in the lit- 
erature, seem to prove that a hexose phosphate ester such as was 
found by Harden and Young is not formed under these condi- 
tions and consequently has no part in bringing about this oxida- 
tion of glucose. If some other type of complex is formed its 
presence was not demonstrated by these methods. 

Influence of Time on the Glucose-Phosphate-Peroxide Reaction.— 
When it was found that the rate of peroxide decomposition has a 
definite relation to the phosphate concentration 1t was of interest 
to learn what relation the rate of glucose oxidation bears to the 
rate of peroxide decomposition. The results given in Table VII 
are typical for the rate of glucose oxidation as obtained by com- 
piling experimental results obtained in conditions like those used 
for Table II. 

In order to test this more fully experiments like Nos. 1 to 5 in 
Table IL were set up having a total volume of 150 ce. and which 
were placed in the incubator at 37°. The phosphate-glucose mix- 
ture and the peroxide were warmed separately for 24 hours before 
mixing to eliminate what appeared to be a temperature lag in the 
eurves. lO ce. were removed and analyzed at definite intervals 
and the results were calculated and recorded in Table VIIT on 
the basis of 75 ee. and thus correspond to the results in Table VII. 
The materials used in Table VIL were not warmed before mixing 
which accounts for the difference in the slope of the curves when 
the data are plotted. 

The results in both series are substantially the same and show 
that the rate of glucose disappearance in the presence of the 
phosphate mixture is appreciably faster than the rate of HeQ» 
disappearance in the absence of glucose (Table VI). 
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The above constitutes a partial experimental interpretation of 
the catalytic influence of disodium phosphate on the oxidation 
of glucose with hydrogen peroxide. The results clearly suggest 
that the glucose is really oxidized by an unstable disodium per- 
phosphate, formed by the action of peroxide on disodium phos- 
phate. 

TABLE VII. 


Glucose Remaining from 0.200 Gm, Used, 


No. 50 hrs. 97 hrs. 
| gm. qm 
| | 0.1897 
2 | | 0.1843 
3 | 0.1249 
4 0.1037 0.0135 


| 0 OOSS | 


TABLE VIII. 


Glucose Remaining from 0.1902 Gm. Used. 


No. | 26.5 hrs. | 49.2 hrs. 
gm. gm. 

1 0.1702 0.1455 

2 | 0 1362 0.1074* 

| 

4 | 0 0195 

5 | 0.0273 


* The behavior of No. 2 is quite variable. Sometimes oxidation is as 
slow as in No. 1 without phosphates and sometimes it is nearly as fast as 
in No. 3, but more frequently it is about as given in these results. 


12. Is a Glucose-Phosphate Solution Oxidized by Arr?—-Having 
shown that the disodium phosphate plays a specifie role in this 
‘atalysis the question arises as to whether the use of peroxide is 
necessary. A few experiments were done in order to determine 
whether air could be used instead of peroxide. It is well known 
that caustie alkalies catalvze the oxidation of sugars by air, 
with the formation of more or less CO. depending on the condi- 
tions of the experiment. In the absence of definite data it was 
possible that the phosphate mixture might play the rdle of caustic 
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alkali. A mixture lke No. 5 in Table II was placed in a wash 
bottle. A rapid air stream was bubbled through it for 48 hours 
during 6 days. The permanganate required by 10 ec. was deter- 
mined at the beginning and at the end of the experiment and 
showed that no perceptible oxidation had taken place. This 
shows that disodium phosphate does not act like alkali in this 
respect, but rather conforms to the réle of a true peroxidase.!® 


SUMMARY, 


1. The work of L6Ob on the accelerative effect of phosphate 
mixtures on the oxidation of glucose with hydrogen peroxide was 
repeated and confirmed. 

2. The confirmation consisted in) proving by an adequate 
method that the destruction of glucose, conceded by all in this 
ease, Is Oxidation, 

3. It was shown that glucose may be quantitatively oxidized to 
CO. with hydrogen peroxide in the presence of the phosphate mix- 
ture. This fact it appears was not suspected by LOb, and increases 
the importance of his observations considerably. 

4. The results as a whole show that although optimal OH ion 
concentration is possibly necessary it is less important than 


MCh, Bach, A., in Oppenheimer, C., Handbuch der Biochemie des 
Menschen und der Tiere, Jena, Ist edition, 1913, suppl., 160. 

Inorganic compounds known to play the role of peroxidase in in vitro 
oxidations have usually been, as Bach states, metallie salts of the heavy 
metals such as iron and manganese. The synthetic peroxidases of Trillat 
(Trillat, M. A., Compt. rend. Acad., 1904, exxxviii, 274), of Dony-Hénault 
(Dony-Hénault, O., Bull. acad. roy. helg., 1908, 105), ete., prepared from 
manganese were prepared to resemble and imitate what it was thought 
are the essential properties of an oxidizing enzyme. The peroxidase 
disodium phosphate differs from these inorganic peroxidases in that the 
peroxidase property is dependent on the phosphate part of the molecule. 
Other sodium compounds do not exhibit the same effect. On the other 
hand dipotassium phosphate, as was shown by experiments not yet pub- 
lished, has the same effect. That the remaining alkali and alkaline earth 
dibasie phosphates may act in the same way seems likely. 

From this point of view then these results are of considerable interest 
because we have a compound playing the rdle of peroxidase, in which the 
non-metallie part of the molecule carries the characteristic property. In 
this respect it seems likely that it resembles the biological peroxidases 
more closely than the heavy metal derivative peroxidases do. 
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Loéb’s experiments and interpretation would indicate, when the 
phosphate mixture is used, and that the optimal limits, if they 
exist, are wider than he states, 

In fact it seems more accurate to refrain from emphasizing the 
segregated OH ion in interpreting the reaction and simply state 
that the effect is specifically related to the presence of disodium 
phosphate under suitable conditions. 

5. The amount of disodium phosphate used is the most signifi- 
cant factor in determining the reaction. Little or much mono- 
sodium phosphate was used with a constant amount of disodium 
phosphate without producing a marked negative effeet on the 
reaction, 

6. The phosphate mixture may be used repeatedly at 37° for 
the oxidation of additional amounts of glucose owing to the fact 
that the product (CO.) is evolved from the reaction mixture 
during the process of oxidation. Disodium phosphate accordingly 
plavs the role of a typical catalyst. 

7. Consequently disodium phosphate functioning in the man- 
ner deseribed in this paper is the only chemical substance known 
to be generally necessary to the life of organisms, that is known 
to catalyze the quantitative oxidation of glucose to carbon dioxide. 

S. That compounds like hexose phosphate ester are the inter- 
mediates involved in the acceleration of oxidation deseribed im 
this paper seems almost certain at first, in the light of the results 
of Harden and Young,'” of von Lebedew,’’ and of Kmbden, 
Griesbach, and Laquer.’® The attempts so far made to establish 
the formation of such a compound failed to demonstrate its forma- 
tion under these conditions, 

9. On the other hand a close parallelism between the rate otf 
spontaneous decomposition of peroxide and the rate of glucose 


oxidation in the same solutions was established. ‘This together 


with other facts developed gives experimental basis for the idea 
that the oxidation really depends upon the intermediate formation 
of a highly reactive perphosphate. 

10. In producing this accelerating effect upon glucose oxidation 
disodium phosphate does not play the role of both oxygenase and 
peroxidase, as some inorganic compounds do, but acts only as a 
peroxidase. It is unable to activate atmospheric oxvgen to any 
appreciable extent. 
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11. That the phosphate catalysis does not depend alone on 
unlimited capacity to decompose peroxide is clearly shown by 
the fact that the hydroxide and carbonates of sodium, which are 
much more effective in decomposing peroxide, diminish the glu- 
cose oxidation roughly in proportion to their increased ability to 
decompose peroxide. 

12. Glucose is not oxidized by hydrogen peroxide in solutions 
containing NaHCQOs and NasCOs; when these are used in the same 
molecular concentrations as the two phosphates in the phosphate 
mixture. 

13. These results together with those with sodium hydroxide 
show that available alkali, contrary to what was observed in the 
permanganate oxidation of glucose,’ ?° is without appreciable 
influence on the oxidation of glucose with hydrogen peroxide. 


2° Witzemann, E. J., J. Am. Chem. Soc., 1917, xxxix, 2657. 
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STUDIES ON MOLLUSCAN CELOMIC FLUID. 


EFFECT OF CHANGE IN ENVIRONMENT ON THE CARBON 
DIOXIDE CONTENT OF THE CELOMIC FLUID. 


ANAEROBIC RESPIRATION IN MYA ARENARIA. 
By J. B. COLLIP. 


(From the Marine Biological Station, Departure Bay, Canada.) 


(Reeeived for publication, September 10, 1920.) 


INTRODUCTION, 


It was noted in a previous communication (1) that the con- 
tent of combined carbon dioxide of mollusean celomiec fluid tends 
to rise when the animals are removed from their natural environ- 
ment whereas a fall was noticed in this factor in the case of fish 
removed from their natural habitat. In order to determine what 
was the cause of this peculiar effect in the mollusean forms « 
series of experiments was undertaken, the results of which are 
herein reported. 


EXPERIMENTAL. 


Effect of Exposure to Atmospheric Air on the Combined Carbon 
Dioxide Content of the Celomie Fluid. 


The method of securing samples of celomic fluid or “clam 
juice” from the various specimens was the same as that detailed 
previously (1). Specimens of seven species of pelecypod Mol- 
lusea were exposed to atmospheric air in a closed glass container 
for varving periods of time. One species of the Amphineura 
and two species of the Gastropoda were similarly studied. Sev- 
eral non-mollusean forms were also exposed to atmospheric air 
under similar conditions. These included the caleareous shelled 
arthropod Balanus aquilla, the common brachiopod Terebretella 
transversa, Various Crustacea of the decapod type, starfish, sea 
urchins, and certain varieties of marine fish. The container 
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used was of good size and a full supply of oxvgen was assured. 
It was kept covered to prevent loss of water by evaporation. 
Filter paper moistened in sea water was frequently placed in the 
container with the specimens. Specimens which were exposed 
to air were kept in certain instances at a fairly constant tempera- 
ture by immersing the container in sea water while in others . 
they were kept in the laboratory and were thus subject to the 4 
temperature changes of the latter. Table I illustrates the effects 
of exposure to air for various periods upon the combined earbon 
dioxide content of the celomic fluid of the different species inves- 4 
tigated. The rapid increase in the carbon dioxide content of the | 
celomic fluid of the molluscan forms and the arthropod Balanus . 
agquilla is very striking. That this increase is due to bicarbonate se 
is evident ‘since the samples were equilibrated with atmospheric . 
air before being submitted to analysis. The decapod crustaceans 
examined failed to show this reaction, while a very slight increase 
was In some instances manifested in the echinoderms. As the 
latter reaction was not uniform it is of very doubtful significance. 

The survival time for specimens exposed to atmospheric air 
varied greatly. It was early noted that MWya arenaria was pecu- 
larly resistant to long exposure to atmospheric air at the tempera- 
tures which prevailed in the surface water and the air at Depar- 
ture Bay during the summer months. It was for this reason 
used extensively in later investigation. It is regretted that no 
facilities were available which would enable one to keep specimens 
at a low as well as constant temperature. The results obtained 
will therefore have to be considered in the light of this condition. 


The greatest increase in the carbon dioxide content of the blood 
Was In two specimens of Mya arenaria which had been exposed 
for 96 hours. The increase here was from 6.5 volumes per cent ; 
in the controls kept in sea water to 105 volumes per cent in the a 
specimens exposed to atmospheric air at the temperature of sur- 4 
face sea water. The container used was a 6 liter eylindrical . 


glass museum jar and it was opened daily both for the purpose 
of removing specimens for examination and to allow a change of 
air. The temperature of the sea water in the vessel which was 
taken on the 4 consecutive days during which these specimens 
were exposed was 19.8°, 18.8°, 19.3°, and 18.9°C. Slightly over a 
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sixteenfold increase in the combined carbon dioxide in the blood 
was noticed in this instance. 

The increase in the carbon dioxide in the small peleeypod 
Macoma secta from 11.2 to 48.6 volumes per cent in 6 hours is 
noteworthy, as is also that observed in the gastropod Polynices 
lewistt following 380 hours exposure. The combined carbon 
dioxide rose in this latter instance from 12.5 volumes per cent 
in the control to 77.4 volumes per cent in the exposed specimen. 
There were few forms which would survive an exposure to atmos- 
pherie air of more than 24 hours at the prevailing land and sur- 
face water temperatures. The amphineuran Cryptochiton, the 
cockle Cardium corbis, and the eagle barnacle Balanus aguilla 
were very sensitive to exposure. The horse clam Sch/zothoerus 


nuttallz, and the butter clam Saxr?domus gigantea withstood an. 


exposure of 24 to 48 hours. The little neck clam Paphia staminea 
and the edible form JJya arenaria were very resistant to exposure 
and in some instances survived as long as 5 days when placed 
in the air, the evaporation of water being practically excluded. 
The nudibranch An/sodoris was most sensitive of all forms, dying 
shortly after being brought into the laboratory. The absence 
of a calcareous shell is probably associated with the lack of resis- 
tance to exposure to air in this form although the temperature 
factor must also be of great importance. 


Effect of Exposure to Atmospheric Air on the Carbon Dioxide 
Capacity of the Celomic Fluid. 


Several samples of celomice fluid taken from specimens exposed 
to atmospheric air for varying periods were analyzed in the Van 
Slvke apparatus (2) when equilibrated with atmospheric air and 
also when equilibrated with alveolar air of the normal subject 
after the manner described by Van Slyke and Cullen (3). Table 
II illustrates the results obtained in this series of experiments. 
It will be noted that in every instance the carbon dioxide capacity 
of the sample was considerably in excess of the carbon dioxide 
content of the same when equilibrated with atmospheric air. 
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Effect of Exposure to Atmospheric Air on the Total Nitrogen Content 
of the Celomic Fluid. 


In order to determine if the increase in the carbon dioxide con- 
tent of mollusean celomic fluid brought about by exposure to 
atmospheriec air was in any way due to an increase in its protein 
content the total nitrogen was determined in from 25 to 100 ce. 
of composite samples of celomic fluid taken from several speci- 
mens. ‘The estimation was made by the usual Kjeldahl method. 
The results are expressed in Table III. As there was a slight 

TABLE IIL. 


| Total nitro- 
Total nitro- gen per 100 


material, atmos- 
pherie air. 
mic). Ars 
| gigantea. ...... 50 3 
1 | Polynices lewisii (fluid from foot)... 9 6 52 


increase in two species, Cardiwm corbis and Mya arenaria, prae- 
tically no change in Saridomus gigantea, and a slight deerease in 
Schizothoerus nuttalli and Paphia staminea, it is very unlikely 
that protein plays any appreciable part in the increase in the 
combined carbon dioxide or alkali reserve of the celomie fluid of 
the mollusk which has been exposed to atmospheric air. 


Effect of Exposure to Atmospheric Air upon the Calcium and 
Magnesium Content of the Celomic Fluid. 


Caleitum and in a few instances magnesium were determined 
in composite samples of celomic fluid taken from several speci- 
mens which had been exposed to atmospheric air for varying 
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periods of time. The method of MeCrudden (4) was followed, 
the calcium being estimated by the titration of the oxalate with 
0.1 N potassium permanganate. 25 ec. of celomic fluid were 
used in most instances. This was evaporated to dryness on the 
water bath, fused, dissolved by the aid of concentrated hydro- 
ehloric acid, and the caleium finally precipitated as the oxalate. 
The results are shown in Table IV. It will be noted that, whereas 
magnesium increases only very slightly in the blood of an exposed 
mollusk, the calelum increases to a great extent and also the 
increase in this latter constituent is more or less parallel with the 
increase In the combined earbon dioxide. It is therefore evident 
that the great increase in the alkali reserve of the blood of mol- 
luscan forms when exposed to atmospheric air is due toan increase 
in the concentration of bicarbonate which is balanced for the 
most part by an increase in the concentration of the calcium ions. 
Myers (5) has reported finding 307 mg. of calcium caleulated as 
oxide in the blood of Saridomus nuttalli and 197 mg. in Schizo- 
thoerus nuttalli. He has also commented on the very high eal- 
clum content of molluscan blood. I have failed to find that the 
calcium content of the celomic fluid of fresh molluscan forms 
differs materially from that of sea water. It is only after expo- 
sure to air that the calcium content becomes high. 


Effect of Exposure to Atmospheric Air upon the Total Alkalinity 
and the Buffer Value or Reactivity of the Celomie Fluid. 


Lacking the means of determining the hydrogen ton concen- 
tration, a most important factor in these experiments, a method 
was employed to determine approximately the total! alkalinity of 
the blood and also its buffer value. The method adopted was 
sunilar to that previously deseribed (1) based on the principle 
made use of in the method of double titration for biearbonates 
by Brown and Escombe (6). The presence of small amounts of 
protein would of course introduce an error but as has been shown 
the protein content of the celomic fluid does not vary to any 
appreciable extent and therefore approximately the same degree 
of error would exist in all the titrations. The alkalinity was 
determined by noting the amount of 0.01 N alkali required to 
produce a just noticeable pink tint when phenolphthalein had 
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heen added to the celomic fluid. The reactivity of Moore and 
Wilson (7) or the buffer value of S6rensen (S) was determined 
by titrating from the pheno!lphthalein to the methyl orange point 
0.2 ~ acid was used in those instances 


using O.OL sulfure acid. 
The results are 


where the reactivity was of large proportion. 
shown in Table TV. It will be noted that the rate of increase in 
the reactivity of the celomue fluid is in close agreement with the 
rate of increase of caletum and also of the combined carbon dioxide 


content of the same. 
Effect of Raposure to Air Followed by Submersion in Fresh Water. 


Table V illustrates that, whereas exposure to sir causes a rapid 
increase In the alkali reserve of the celonne thud, the subsequent 
immersion in fresh sea water causes a return to approximately 
the normal value for this factor. 

TABLE V. 


content of 

100 ce. of fluid 
Specimen. equilibrated 
with atmos- 
pherie air. 


marks. 


Mua arenaria Fresh. 

32.0 72 hrs. in glass container in laboratory. 
Submerged 4 hrs. in fresh sea water. 


Effect of Submersion in Sea Water in a Sealed Contarner. 


Several fresh specimens of arenaria were immersed in 2 
1 water in a evlindrical glass con- 
After varying periods of 


relatively small volume of se: 
tainer which was then tightly sealed. 


thine 


analysis of the sea water which was used in the experiment was 
The results are expressed in Table VI. A’ few 


also made. 


experiments were carried out in which boiled out sea water was 
In one instance sea water, the 


used in place of fresh sea water. 


buffer value of which had been greatly increased by the addition 
It wall 


of 5 em. of baste sodium phosphate per liter, was used. 


the celomic fluid of the specimens was examined. An 
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be noted that the behavior of Wya arenar?a kept in a sealed eon- 
tainer in either boiled or fresh sea water is verv similar to that 
observed when the specimens were kept in the air. The alkali 
reserve and the ecaletum content of the celomic fluid mount 
steadily until the animal dies. The increase in the carbon diox- 
ide and calcium content of sea water is also considerable. The 
values for these two factors In sea water ure, however, lower in the 
vase of the celomic fluid except after long submersion of the 
specimens, in which instance there is a tendency for the concen- 
trations of these latter substances in the celomic fluid and sea 
water to equalize. The addition of basie sodium phosphate to 
the boiled sea water used in one experiment did not materially 
alter the results. .A dense precipitate was formed in the sea 
water in this experiment which consisted for the most part of 
‘alelum phosphate. 

If one considers the increase in the combined carbon dioxide in 
the sea water used in an experiment one finds that there is very 
little difference in the rate of increase in this factor in specimens 
exposed to air and in specimens submerged in a relatively small 
volume of sea water. Thus in Experiment I, Table VI, an 
increase of 29.8 volumes per cent was noted in the combined 
earbon dioxide content of the celomie fluid, while an increase of 
fully 20 volumes per cent took place in the sea water. The 
total bulk of the eight specimens used in this experiment was 
550 ec. while the volume of sea water used was 750 ce. There 
was therefore an increase of 150 ec. of combined carbon dioxide 
due to the activity of the specimens over and above the increase 
noted in their celomie fluid. The shells of the cight specimens 
displaced SS ce. of water. Not allowing for the water entrapped 
in the mantle cavities, there were 465 cc. of clam tissue present 
in this experiment so that the increase of 150 ce. of carbon dioxide 
found in the sea water would mean that 32 cc. of this earbon 
dioxide had resulted from the activity of each LOO ce. of elam 
tissue. This added to the carbon dioxide content of 100 ec. of 
eelomic fluid indicates that approximately 61.5 ce. of combined 
‘carbon dioxide resulted from the activity for 46 hours of 100 ce. 
of clam tissue, an amount which is in close agreement with the 
observed increase of the volume per cent of carbon dioxide in the 
celomic tluid of similar specimens exposed to atmospheric air in 


a closed vessel for a corresponding period of time (Table ITV). 
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Kifect of Submersion in Distilled Water. 


The results of some experiments in which specimens of MWya 
arenaria were submerged in fresh distilled water in a glass con- 
tainer and kept at the temperature of surface sea water appear 
in ‘Table VIL. The combined carbon dioxide and caleium con- 
tent of celomic fluid rise after much the same manner as was 
observed when specimens were placed in either fresh or boiled 
sea water. Experiments I and II, Table VII, are of interest in 
that they show that a fall had taken place in the concentration 
of magnesium in the celomie fluid of the specimens, while a rise 
occurred in the concentration of calcium. There is also a marked 
difference in the total alkalinity and in the reactivity of the water 
and’ the celomic fluid. The ehlorine content of the celomie fluid 
and of the water in which the specimens of Iya arenaria were 
submerged was determined in Experiments Il] and ILI, Table 
VII. The manner in which the concentration of the chloride in 
the celomic fluid is kept at a relatively high level under the eir- 
cumstances obtaining in these experiments is remarkable. Meigs 
(9) has shown that the adductor muscle of the clam Venus mer- 
cenaria is peculiarly resistant to hypertonic solutions of sodium 
chloride and to double strength sea water, the concentration of 
sodium chloride rising to only about one-half that of the sur- 
rounding medium. He also found that the mantle is almost 
impermeable to sodium chloride. The ability of Miya arenaria 
to withstand immersion in water, the osmotic pressure of which 
is very low, Is of interest in the light of the observation of Meigs. 


Effect of Exposure to Hydrogen Atmosphere. 


Several specimens of VWija arenaria were kept in a small volume 
of sea water for 2 hours in order that the oxvgen content of thetr 
tissues should be reduced to a low level. One specimen was then 
bled as a control, the others were placed in a hydrogen atmos- 
sphere over alkaline pyvrogallic acid, two separate containers 
being used. One group of three was exposed for 26 hours; the 
other for 48 hours. The results of the analyses of the celomic 
fluids of these specimens are shown in Table VIII. The mavxi- 
mum and minimum temperatures for the 2 davs during which 


| 
§ 
£ 
4 
Pe 
4 
é 
4 
= 
| 
| 
| 
4 
© 
| 
| 


‘say ge UstompAy ul ydoey 

‘SAY QP 

-o1fd uUaFoapAy ut ydoy | 
QZ 

‘Sd Vas JO VUINTOA UL 


Mollusean Celomie Fluid 


40) 


0 Of6 


0 069 


0 OLF 


'OS*H 


N [00 


| 


L 


OGL OXI 


HOPN ‘Pua 
XN 1004 


‘99 | 5° 001 


jad 10d By 


| 
| | 
| -“ynba | 
ping jo 
O01 49d 


” 


4 


| 
: 
? 
é 
— 
ac 
i> 
oN as 
> 


J. B. Collip 41 


this experiment was performed were on the Ist day 24.4° and 
10.9°C., on the 2nd day 23.9° and 11.4°C. It will be noticed 
that the increase observed in the concentration of bicarbonate in 
the celomic fluid is very marked. It is not, however, so great 
as that which is found when the specimens are exposed to atmos- 
pherie air. The increase in the calcium and magnesium is com- 
parable to that observed for bicarbonate. 


Effect of Exposure to a Nitrogen Atmosphere. 


Three specimens of Mya arenaria were placed in a small 
desiccator containing a concentrated solution of pyrogallie acid 
in 40 per cent sodium hydroxide. <A glass tube was so attached 


TABLE IX. 


| COs per 


100 ce. of | 
| Specimen, Remarks. 
 atmos- 
| pherie air. 
cc. 
3 | Mya arenaria S.0 Fresh control. 
34.8 25 hrs. in glass container in laboratory. 
3 | 7.8 25 “ “ desiccator over alkaline pyro- 


gallol. 


to the exhaust cock that as oxygen was absorbed the air which 
‘entered first bubbled through the alkaline pyrogallol in the bottom 
of the desiccator. Three other specimens of like size were placed 
at the same time in a glass container which was kept at the same 
temperature as the desiccator for the duration of the experiment. 
After 25 hours the specimens were bled and an analysis was 
made of the composite samples of celomic fluid. The results 
are expressed in Table IX. It will be observed that the com- 
bined carbon dioxide of the celomic fluid did not increase to 
the same extent in the specimens which were kept in the desic- 
cator over alkaline pyrogallol as it did in the controls which were 
kept in the air. 
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Comparison of the Carbon Dioxide Content of Celomic Fluid and 
Other Fluids Obtained from Mollusca. 


A comparison was made between the carbon dioxide content 
of the celomic fluid and other fluids of different Mollusea. The 
results of this study are shown in Table X. It was found that 
the carbon dioxide content of the fluid which exuded from the 
exhalant siphon of fresh J/ya arenaria was just slightly higher 
than that of sea water. When specimens of this species were 
exposed to atmospheric air for some time the bicarbonate content 
in the fluid of the mantle cavity closely approximated that in the 
eclomic fluid. Somewhat similar observations were made on 
the amphineuran form Cryptochiton. The fluid in the foot of 
the large gastropod Polynices lewist: bears somewhat different 
relation to the blood and celomic fluid of this form as far as the 
bicarbonate content is concerned from that which holds in the 
Huid between the mantle cavity and the blood and celomic fluid 
of a peleeypod such as Wya arenaria. The combined carbon 
dioxide content of the fluid of the foot of Polynices levwisiy approx- 
imates the value observed for the celomic fluid. The drawing 
in, therefore, of the foot in this form causes a considerable decrease 
in the total alkali reserve of the animal. It is of interest in this 
connection to note that this animal does not withdraw its foot 
unless subjected to rather violent irritation. 


Effect of Submersion of Dead Specimens of Miya arenaria in Sea 
Water. 


The results of two experiments are shown in Table XI. It is 
evident that the bicarbonate content of sea water in which dead 
clams are immersed rises quite rapidly once decomposition has 
set in. It will be noted, however, that there is little change 
during the first 24 hours submersion. The behavior of pelecypod 
mollusks exposed to air or submerged in a relatively small vol- 
ume of water is therefore quite distinct from that of dead clams 
which are undergoing decomposition. 
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44 Molluscan Celomie Fluid 
TABLE XI. 
Specimen. ong | Remarks. 
Experiment I. 
4 Mya arenaria (175 ec.).... _ Placed in 275 ce. of boiling sex 
| water. 
Sea water (boiled).......... 3.3 
$6 4.7 After 24 hrs. No decomposi- 
tion of clam tissue. 
42.0 After 48 hrs. Decomposition 
clearly manifested. 
Experiment II. | 
10 Mya arenaria (500 ec.).... Placed in 700 ce. of boiled sea 
water containing 9.5 per cent 
 aleohol. 
Sea water (boiled).......... | 2.8 | 
11.7 | 48 “ Milky, decompo- 
| sition evident. 


DISCUSSION, 


As has already been indicated the marked increase in the 
bicarbonate content of the celomic fluid, and therefore in all 
probability of the blood and tissues of the calcareous shelled 
peleevpod mollusks and the arthropod Balanus aquilla on expos- 
ure to air is quite opposite to the effect observed in fishes when 
they are removed from their natural habitat. This phenomenon 
is undoubtedly associated with the presence of a caleareous shell 
the calctum carbonate of which furnishes an alkali reserve which 
is added to that of the body fluids and tissues, and which it 
appears can be readily utilized. 

As specimens of \Wya arenaria appear to remain practically 
normal even after long exposure to atmospheric air there is no 
reason to suppose that any material change has been effected in 
their metabolic processes as a result of the change in environment. 
If one assumes, therefore, that combustion still proceeds in the 
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exposed specimens, then the increase in the bicarbonate content 
of the body fluids can be explained according to the equation 


CO, + H,0 + CaCO; = Ca(HCoQ;), 


The carbon dioxide resulting from the respiratory process 
would, by shghtly increasing the hydrogen ion concentration, 
dissolve calcium carbonate from the shell and the concentration 
of the ealetum ions and of bicarbonate ions would therefore 
steadily rise as combustion in the tissues proceeded. The amount 
of carbon dioxide actually exereted from the specimens in the 
gaseous form was not determined. If this factor were known 
one could ealeulate the intensity of metabolism in these forms 
by considering the amount of carbon dioxide excreted in addition 
to the amount retained as bicarbonate. It would appear that 
50 per cent of the increase observed in the carbon dioxide content 
of the celomic fluid is due to carbon dioxide formed by combus- 
tion in the tissues, while the remaining 50 per cent results from 
the solution of calcium carbonate of the shell. 

The degree of alkalinity of the celomic fluid determined by 
titration is by no means an indication of the hydrogen ion con- 
centration, but the ratios observed between the alkalinity figures 
and the reactivity values suggest that no marked increase in the 
hydrogen ion concentration takes place during the early part of 
the exposure at least. The reactivity or buffer value is, in nearly 
every instance, in close agreement with the calcium content and 
the carbon dioxide concentration of the celomic fluid. 

The increase in the alkali reserve as indicated by an increase 
in bicarbonate concentration in specimens exposed to atmospheric 
air is due for the most part to increase in the ealctum content. 
Magnesium, which in the normal animal in its natural habitat 
exceeds calcium in the degree of its coneentration, and therefore 
balances a greater proportion of bicarbonate ions than does 
calcium, increases only slightly as compared with calcium when : 
specimen is exposed to air. It is probable that the relative 
increase in calcium and magnesium concentrations under these 
circumstances is somewhat similar to the relative amounts of 
these substances in the shell from which solution of bicarbonate 
is taking place. It is of interest to note here that no increase 
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was Observed in the concentration of magnesium in the eockle 
(Cardium corbis) on exposure to air. 

As specimens submerged in boiled sea water and kept in a 
sealed container continue to develop an increased carbon dioxide 
content, calenmm concentration, and buffer value, after mutch 
the same manner as specimens exposed to atmospheric air, and 
since 2 similar effect is manifested by specimens kept in an atmos- 
phere of hydrogen or nitrogen, one is led to ask the question ** Can 
snaerobic respiration be manifested by these forms?” 

If one considers the results of an experiment recorded in Table 
VIET, one finds that after 4S hours in a hydrogen atmosphere 
the combined carbon dioxide rose from 8.2 to 45.5 volumes per 
cent, or an observed increase of 37.3 volumes per cent. If one 
assumes that aerobic respiration was taking place and that ear- 
bohyvdrates were being burned, then a volume of oxygen equiva- 
lent to the volume of carbon dioxide produced would be required. 
[i 50 per cent of the observed increase in the combined concen- 
tration of carbon dioxide is indicative of the amount of this sub- 
stance produced due to combustion then an amount of oxygen 
equivalent to 50 per cent of 37.3 volumes per cent, or 18.65 
volumes per cent, would be required. As the specimens used 
In this experlment were kept in a small volume of sea water for 
2 hours before they were transferred to a hydrogen atmosphere, 
one fails to see how anv appreciable amount of oxvgen could be 
contamed in the tissues of the specimens. As there is no apparent 
source for 18.65 volumes per cent of oxvgen in these clams it is 
therefore evident that they must be respiing anaerobically or 
else the increase in the carbon dioxide, calcium, and buffer value 
of the celomue fluid is due to some other cnuse than that suggested 
earlier in the paper. Decomposition of the clam tissue can be 
excluded since the specimens were very aetive, responding to 
stimulation like normal animals, after they were removed from 
the hydrogen atmosphere. 

There is the possibility of the solution of the calcium carbonate 
of the shell due simply to the solvent action of the tissue fluids 
containing free enrbon dioxide. This would result in the forma- 
tion of ecaletum carbonate the solubilitv of which is considerably 
increased by an excess of carbon dioxide in the water (10). In 
dealing with a closed svstem, however, such es the individual 
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clam in an atmosphere of hydrogen, the solution of ealeium car- 
honate due to the solvent action of the free carbon dioxide would 
require a constant supply of the latter if the process is to con- 
tinue; otherwise equilibrium: would be established between the 
dissolved bicarbonate, the calcium carbonate of the shell, and 
the free carbon dioxide, and no further increase would be mani- 
fested unless this balance were disturbed. It will be noted that 
the rate of merease in the carbon dioxide content and the calevim 
concentration of the blood is for a considerable period practically 
constant. 

bicarbonate concentration of the tissue fluids, then this uniform- 
itv in the rate observed would fit in well with the fairly constant 
rate of metabolism which might be expected under such cireum- 


If respiratory activity accounts for the increase in 


stances, annerobie respiration being possible. 

The fact that the rate of increase in the Iiearbonate concen- 
tration, the calcium content, and the buffer value is greater in 
air than it is in either hydrogen or nitrogen would indicate that 
absence of oxvgen does exert an influence on the intensity of the 
metabolic processes but by no means causes a coniplete cessation 
in the respiratory function, 

The extreme sensitivity of the cockle nnd the horse clam to 
exposure to air at the prevailing summer temperatures made 
expernments with these forms of the same tvpe as were conducted 
with JWya arenaria temporarily impossible. Neither of these 
forms is normally submitted to the same degree of low oxveen 
tension as is J/ya arenaria. It is hoped that experimental work 
of a similar nature to that carmed out with Mya areneria may be 
done on other forms at a more favorable time of the vear. 

It has long been known that animals show a very unequal 
resistance to lack of air. Bunge (11) in his work upon respira- 
tion of intestinal parasites and mud-dwelling organisins showed 
that parasites in the intestine of warm blooded animals must 
live practically in the absence of oxvgen, while worms living in 
the mud were also subject to similar conditions, decomposition 
processes, with the formation of reducing substances, keeping 
the oxvgen absent. Packard (12) found that worms and mud- 
dwelling Crustacea are resistant to the lack of oxygen for some 


time. 
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The ability of an animal to resist a lack of oxygen may or 
may not be connected with an anaerobic respiratory mechanism. 
If one finds complete evidence of metabolism in an animal exposed 
to anaerobic conditions, then anaerobic respiration would be 
indicated. Such seems to be the condition in the case of Mya 
arenaria. Crustacean types which were exposed to the air or 
submerged in boiled sea water died within a few hours. The 
earbon dioxide content of the blood was, however, practically 
unaltered by such procedures. These forms do not use the 
ealcium carbonate of their carapace as a protective measure when 
removed from their normal habitat. | 

In the light of the results of the experiments which have so 
far been conducted upon Mya arenaria the writer has tentatively 
to conclude that individuals of this species behave as facultative 
anaerobic organisms. It is realized, however, that in these pre- 
liminary experiments absolutely anaerobic conditions were not 
secured. It is the intention to continue this work at another 
time when it is hoped to determine the hydrogen ion concentra- 
tion of the celomic fluid and the rate of oxygen consumption 
under various conditions. 


SUMMARY. 


1. Caleareous shelled pelecypod Mollusca and the arthropod 
Balanus aquilla have in the caleium carbonate of their shells a 
potentially great alkali reserve. 

2. exposure of these forms to atmospheric air causes a marked 
increase in the combined carbon dioxide of the celomie fluid. 

3. There is under these circumstances a parallel increase in the 
ealelum concentration and the buffer value of the celomie fluid. 

+. Various other marine forms studied did not so react. 

5. There is no increase in the total nitrogen of the celomie fluid 
of the peleevpod Mollusea exposed to atmospheric air. 

6. Mya arenaria is particularly resistant to long exposure to 
atmospheric air. 

7. When specimens of ya arenaria are placed in a relatively 
small volume of fresh sea water, boiled sea water, distilled water, 
or in a hydrogen or a nitrogen atmosphere much the same reac- 
tion Is observed as when specimens are exposed to atmospheric 
ar. 


f 
+ 
a 
a 
t 
+ 
j 
i 
| 


J. B. Collip 419 


S. The rate of increase in the content of carbon dioxide, the 
enleium concentration, and the buffer value of the eelomic fluid 
under all the above conditions is, during the first period of sev- 
eral hours, constant. 

9. The rate of increase in the rate of combined carbon dioxide, 
the concentration of calcium, and the buffer value is not so great 
in a hvdrogen or nitrogen atmosphere as it is in air. 

10. It is suggested that Mya arenaria is a facultative anaerobic 
organism which continues to produce carbon dioxide under 


angerobie conditions. 


In conelusion [ wish to express my thanks to Dr. ©. MeLean 
Fraser, the Curator of the Biological Station, Departure Bay, 
sritish Columbia, for his cooperation during the carrving out of 
the experimental work reported in this communication. 

My thanks are also due to the Biological Board of Canada, 
by whom the expenses in connection with this investigation have 
been defrayed, 
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RELATION OF THE ALKALI RESERVE OF THE BLOOD 
TO GLYCOSURIA AND HYPERGLYCEMIA IN 
PANCREATIC DIABETES. 


By BYRON M. HENDRIX ann CAROLINE Y¥Y. CROUTER. 


(From the Department of Physiological Chemistry, Medical School, University 
of Pennsylvania, Philadelphia.) 


(Received for publication, October 7, 1920.) 


The tailure of the body to utilize carbohydrate and the increased 
combustion of fat in diabetes are regarded by most workers as 
responsible for the production of an excessive amount of acids, 
particularly aceto-acetic and 6-hydroxybutyric acid, which cause 
a diminution of the alkali reserve of the blood and presumably 
of the tissues. It has been shown, on the other hand, by Elias 
(1912-13), and Elias and Kolb (1913), and others,! that the admin- 
istration of mineral acids to dogs causes glucosuria and hyper- 
glycemia. Jensen’s (1918) work, however, seems to indicate that 
if the acid is sufficiently dilute much larger quantities may be 
given to dogs without causing an excretion of glucose by the 
kidney. He was able to increase glucosuria in dogs by administer: 
ing 600 ce. of O.1 N hydrochloric avid solution, only after seven- 
eighths of the pancreas had been removed. 

Murlin and Kramer (1916) were able to inerease the amount 
of glucose in the blood and urine of depancreatized dogs by 
giving, by mouth, 2 solution of hydrochloric acid. These results 
led Murlin and Sweet (1916-17) to study the course of pancreatic 
diabetes after the extirpation of the stomach. They tound a 
much milder form of diabetes appeared when both stomach and 
pancreas were removed, than when the pancreas alone was exttir- 
pated. ‘They believe their results indicate that the influence of 
the pancreas upon carbohydrate metabolism consists, at least 
in part, in neutralizing the acid produced by the stomach, thereby 


‘The literature on the effects of administering acids to animals is 
reviewed in the papers of Elias and of Elias and Kolb, 
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protecting the liver from acid intoxication. Their theory of the 
function of the pancreas is as follows: 


“The results of this study . . .  . suggest that the internal fune- 
tion of the pancreas may be closely akin to its external function in that, 
on the one hand (external), it provides for the complete neutralization 
of the acid contents of the stomach, thereby protecting the liver in its 
glveogenic function, and on the other (internal), it somehow preserves the 
proper concentration of hydrogen ions in the tissues for the combustion of 
glucose, It is not impossible that the pancreatic hormone, through which 
the latter function is discharged, may prove to be a peculiarly adapted 
alkait produeed by the islands of Langerhans.” 


EXPERIMENTAL. 


If the gastric juice were not completely neutralized in’ the 
intestine after the removal of the pancreas, it would react with the 
carbonates and phosphates of the blood in the portal system 
eausing a reduction in the alkali reserve in the whole blood, in- 
ausmuch as the blood from the portal system is mixed with the 
blood from the rest of the body in the heart, lungs, and, to a less 
extent, in the liver. Since hyperglycemia and glucosuria appear 
very soon after the removal of the pancreas, it was thought 
worth while to study the alkali reserve of the blood as measured 
by the power of the plasma to combine with earbon dioxide, 
and compare this with the change in the concentration of glucose 
in the bleed, and its exeretion into the urme. The capacity of 
the plasma for carbon dioxide was determined by the method of 
Van Slvke (1917), Maclean's (1919) method for blood sugar was 
used, and the glucose in the urine was determined by titrating 
agaist Fehling’s solution. Dr. Sweet removed the pancreas 
from the dogs by his usual technique. 


DISCUSSION, 


Our results from five dogs are given in Table I. We found that 
the alkali reserve of the blood, as measured by the carbon dioxide 
eapacity of the plasma, showed no decrease until diabetes, as 
shown by the GiN ratio and increase in blood sugar, had been 
established for at least 24 hours. The earliest appearance of a 
decrease in the carbon dioxide capacity of the blood came about 
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TABLE 


after per lidec, Cilucose.* Glucose Nitrogen G:N 


operation.| plasma inurine. in urine, 
No. Ll. Pregnant female. 
days ce. per ce nf gir. | VELL 
Before. 41.5 0 O65 
06.1 | 0.1998) 17.70; 7.18 
2 0.257 | 18.93 8.59 


3 51.5 0.321 | 24.62; 9.41 ? 62 


No. 2. Female. 


Before. 50. O59 | 
ott Urine lost. 


3 48.9 | 0.163} 19.3 6.87 2 83 


No. 3. Male. 


Before. | 45.3 0.055 | 
47.6 QO 11S 15.93 2.37 
2? 56.3 0.119 | 28.64 10.4 2.75 


$2 0.143 | 23.52 


No. 4. Male. 


Betore. .2 O.075 

| 0.150 
| 2.8 G45 2.92 
) 42.0 0.148 | 17.09 9 OF 2 3a 


Computed on whole blood. 


Remarks. 


lasted. 


Fasted., 


Urine may not have 
been properly pre- 
served. 

Animal died during 
the night of 4th 
day after opera- 
tion. 


kasted. 


No evidence of peri- 
tonitis found. 

Found dead on 7th 
day. 


Urine not preserved. 


Animal fed 4. Ib. 
meat per day. 
tefused food on 
4th day. 

Found dead on 5th 
day. No evidence 
of peritonitis was 
found. 
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TABLE I—Concluded. 


Time | CO2 
after per1l00cc. Glucose.* 
operation. plasma. | 


Glucose | Nitrogen GEN 
inurine. urine. | 


temarks. 
No. 5. Female. 


days ec. per cent gm. gm. 


Before. 51.7 0.075 
l 51.4 0.098; |... 5 Urine of Ist and 21 
2 52.8 0.203) | days. 
| 49.9 | 0.241 | 24.19) 9.64] 2.51 | Animal fed 4 Ib. 
| | | meat per day. 


| 34.521 10.05 | 44 Killed, 


48 hours after the removal of the pancreas, while there was always 
a definite increase in the blood glucose within | day after the 
operation. It is well known that glucose appears in the urine 
within a few hours after pancreatectomy. It is of interest to note 
the more or less marked increase (1 to 20 per cent by volume of 
CQO.) in the alkali reserve on the Ist or 2nd day after the operation. 
In most causes, this increase is Comparatively small and its signifi- 
‘cance is not clear. 

It would seem that if acid is taken up from the intestine by the 
portal blood after the removal of the pancreas, it must be neutral- 
ized by some base other than bicarbonates or phosphates of the 
blood, or cause a simultaneous liberation of alkali from some part 
of the body. It may be pointed out in this connection that the 
formation of a panereatie fistula, so that the pancreatic juice 
eseapes to the exterior, does not cause any disturbance in the 
carbohydrate metabolism of the animal. In such cases, the acid 
from the gastrie juice would be as likely to reach the liver as 
when the pancreas had been removed from the body. It is 
questionable, also, whether fragments of the pancreas, which are 
sufficient to prevent diabetes, can produce enough panereatic 
juice to be of any importance in neutralizing the acid produced 
in the stomach. 
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Acidosis in depancreatized dogs undoubtedly develops as shown 
by Nos. 3 and 5.) In No. 3, the carbon dioxide capacity of the 
plasma fell to about 31 volumes per cent, and in No. 5, to about 
30 volumes per cent. 


SUMMARY. 


1. A decrease in the alkali reserve of the blood, as shown by 
the carbon dioxide capacity of the plasma, is not simultaneous 
with the appearance of hyperglycemia and glucosuria pan- 
ereatectomized dogs. 

2. A slight increase in the carbon dioxide eapacity of blood 
plasma was observed on the Ist or 2nd day after the removal of 
the pancreas, later decreasing and gradually reaching about 30 
volumes per cent in two cases. 

3. Definite acidosis appears comparatively late in pancreatic 


diabetes in dogs. 

4. No observations which support Murlin and Sweet’s theory 
of the causal relation of the aeid of the gastric juice to pancreatic 
diabetes were made. 


We wish to take this opportunity to thank Dr. J. be. Sweet 
very kindly for doing the surgical work. 
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THE GLOBULIN OF THE COHUNE NUT, ATTALEA 
COHUNE. 


By CARL O. JOHNS ano C. E. F. GERSDORFF. 
(From the Protein Investigation Laboratory, Bureau of Chemistry, United 
States partie nt of Agriculture Washinglon. ) 
PLaTe 1. 


(Received for publication, September 30, 1920.) 


The cohune palm (1, 2) ts indigenous to the British Honduras 
(3) and the other countries of the Caribbean coastal region, and 
its nut is shown whole, opened, and in cross-section in Fig. 1. 
Most of the nuts have but one kernel, a few two. 

It is found mostly in damp lands, growing best in the deep for- 
est (4). The nuts are produced in large clusters of about 75 
pounds each, a single tree having an average vearly production of 
four clusters. Thev varv in size from 15 to 3 inches in length 
and from 1 to 2 inches in diameter, the shell being hard and 
dense with an average thickness of | to } inch. In certain dis- 
tricts the cohune palm constitutes 20 to 30 per cent of the vege- 
tution (3). The kernel averages about 10 per cent by weight of 
the whole nut. 

The nut was not commercially exploited until the World War 
when the shells were carbonized and used in gas masks, the 
kernels being pressed for their oil, which is of a verv high quality 
and is similar to coconut oil (3-5). 

A search has not vet disclosed literature bearing on the utiliza- 
tion of the press-cake. The nuts are now being pressed for oil 
in the British Honduras, and experiments are in progress in this 
country to produce the oil on a commercial seale. The press- 
cake will be suitable for use in feeds, its value as such being indi- 
‘ated by the analysis of the isolated protein described herein. 


This information and photograph were furnished by Mr. O. F. Cook 
of the Offiee of Crop Aecclimatization, United States Department of Agri- 


culture, Washington. 
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TABLE I. 
Comparison of Analysis of Coconut and Cohune Nut Globulins. 
Moisture- and ash-free basis. 


Coconut globulin, Distribution of nitrogen. 
globulin.; globulin. 3 
percent | percent | percent | cant | 
50.88 | 51.23 | 51.75 | Amide..... 1.35 
H.. 940) 0.61 6.8 
17.89 | 18.40 | 17.82 | Basic..... 606 7.14 
1 08 1.06 1.35 | Non-basic. . 10.92 | 9.34 
23.38 | 22.41 | 22.16 | 
| 
| * Ritthausen (6). t Osborne and Harris (8). 
| * Chittenden (7). §$ Calculated by difference, 
TABLE II. 
Comparison of Analysis of Coconut and Cohune Nut Globulins. 
Analvses by the Van Slvke method. Total N regained corrected for 
solubility of bases (9). » 
Coconut Cohune nut 
globulin.* globulin, 
percent percent 
Humin N adsorbed by lime... . 1.41 0.84 
N in amy! aleohol extract. . 
Cystine N. 0.53 
Arginine N.... 50) 20) 87 
Histidine N. . 3.68 
Amino N of filtrate 44 47 
Non-amino N of filtrate... 4.60 2.2 
Total N regained. .... 100.10 100.55 


Distribution of the basic amino-acids. 


* Johns, Finks, and Gersdorff (10). 
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This analvsis shows that the protein contains all the basie amino- 
acids necessary to produce normal growth. The protein also 
gives a strong qualitative test for tryptophane. 

The press-cake used in this investigation was prepared in this 
Laboratory from nuts furnished by the United States Food 
Administration. It contained 20.63 per cent of protein (NX 
6.25). 

The principal protein extracted by means of sodium chloride 
solution is a globulin. This was obtained by dialyvzing the 
saline extracts and could also be precipitated from the extracts 
by means of ammonium sulfate. This globulin is quite similar 
to that obtained from the coconut, no marked differences being 
observed in any of the analyses. These comparative results are 
given in Tables I and II. 

Tests for albumin showed that a trace was present. This 
albumin coagulates between 60° and 6S°C. while the globulin 
coagulates at near the boiling point of water. 


EXPERIMENTAL. 


Preparation of the Press-Cake.—Muceh dithiculty was experi- 
enced in removing the husk and shell. This was accomplished 
by eracking each nut individually between a steel plate and the 
head of a steel power drill. The kernels which ran mostly one 
to a nut, seldom two, were cold-pressed, using a press of the oil 
expeller type. The granular press-cake was freed from residual 
oil by extracting twice with petroleum ether, the excess of ether 
being removed by drying in vacuo over sulfuric acid. The press- 
‘ake was then ground to a fine meal which contained 20.63 per 
cent of protein (NX 6.25). 

Preliminary Experiments..-Extraction experiments were made 
with different concentrations of sodium chloride in water, with 
70 per cent alcoho! and with L per cent hydrochloric acid, extract- 
ing for | hour in each case. ‘The percentages of protein extracted 
by the various solvents are given in Table IIL. Time extractions 
were then made with the solvent which extracted the maximum 
quantity of protein, and the data are given in Table LV. 

All extractions described in this paper were made with a 10 
per cent sodium chloride solution in distilled water. This solvent 
extracted the maximum quantity of protein, 16.09 per cent, in 1 
hour. 


| 
$ 
| 
© 
i 
| 
+ 
| 
| 
. oF 
4 


60 Globulin from the Cohune Nut r 


TABLE IIT. 
Preliminary Extraction E rper ime nents, 


Protei ‘in extracte d 


solvent to 1 gm. Solvent 


of meal, 6.25). 
ce per ce nt 
10 70 per cent aleohol. (0.52 
10 12.66 
10 Distilled water. 4 04 
10 0.5 per cent NaCl 7.44 
10 NaCl, 11.52 
10 Na]. LL OS 
10 Nal, 12.39 
10 4 14.59 
10 NaCl. 15.13 
1) Na€] 
10 Na€] 15.30 
10) NaCl 16.09 
PABLE LY. 
Time Extraction pe riments, 
Solvent: 10 per cent sodium chloride solution, 10 ee. to L gm. of meal. 
Time extracted, Ars | 2 | 69 
Protein extracted (N & 6.25), per 
cent... 13.71 16.09:14.16 14.07 13.71 15.14.12.84 
TABLE 
Precipitats hy of Saturation vith Ammonium Sulfate, 
Caleulated on moisture- and ash-free basis. 
| i] \verage 
wer f r nif 
7.03 7.06 7.05 
N. SO 17 li 
| 2] 1.21 
()* 21 


* Caleulated by difference. 
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Globulin Extracted by Sodium Chloride and Preerpitated by 
Ammonium Sulfate-—An extraction was made, using 10 ee. of 
solvent to each gram of meal. The quantity of meal used for a 
preparation ranged from 125 to 210 gm. The meal was mixed 
with the solvent, all lumps being disintegrated by hand, and the 
mixture allowed to stand at room temperature for | hour. The 
mixture was then poured into a large Buchner funnel fitted with 
a circular piece of closely woven cotton cloth, and the extract 
recovered by suction, the residue being washed twice with 10 
per cent sodium chloride solution. The extract so recovered 
was nearly clear and was easily filtered through a mat of paper 
pulp on a Buehner funnel. The extraet was then dialyzed in 
parchment bags suspended in running chilled water until prae- 
tically free from chlorides. The dialyzed protein was washed 
and then redissolved in a volume of 10 per cent sodium chloride 
solution equal to about one-third the volume of the solvent 
originally used in extracting the meal. It was filtered clear 
through a mat of paper pulp on a Buehner funnel. The clear 
extract was made 0.7 saturated with ammonium sulfate and 
allowed to stand over mght. The precipitated protein was 
filtered on a folded soft filter paper, redissolved in distilled water, 
filtered clear, and dialvzed for 12 days. ‘The protein was removed 
from the mother liquor in the dialvzing bags, washed free from 
chlerides and sulfates, and dried. The water was removed by 
treating the protein with absolute alcohol, removing the alcohol 
by stispension in absolute ether, filtering, and drying, first over 
sulfuric acid cn vacuo and then in a vacuum drving oven, gradu- 
ally raising the temperature to 110°C. It was then ground toa 
fine powder in a mortar, the finished product being an amorphous 
white powder. The vield based on the weight of the meal used 
was 5.6 per cent. In order to facilitate the weighing of samples, 
all preparations of protein were exposed to the air to absorb 
moisture until an equilibrium was reached. 

The analvses of this preparation, calculated on a moisture- 
and ash-free basis, are given in Table V. 

(flobulin Extracted by Sodium Chloride and Fractionally Pre- 
cipitated by Ammonium Sulfate.—A sodium chloride extract was 
made as deseribed above and the clear solution was gradually 
made from O.1 to 0.7 saturated with ammonium sulfate, first 
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experimenting with a small portion of the extract. No preeipi- 
tation oecurred until the 0.8 saturation point was reached, and 
then only a slight turbidity was obtained which very gradually 
increased on adding each successive fraction of ammonium sul- 
fate to make the solution 0.05 more saturated, until the 0.5 satu- 
ration point was reached, when the precipitate became flocculent 
after standing 18 hours. This precipitate was filtered off and 
washed several times with 10 per cent sodium chloride solution 
made 0.5 saturated with ammonium sulfate. It was redissolved 
in 10 per cent sodium chloride solution, filtered and dialyzed 
for 12 days, washed, and dried as previously described. This is 
Preparation II. The vield based on the meal used was 3.2. per 
cent. 

The 0.5 saturated ammonium sulfate filtrate was then made 
successively 0.05 more saturated until the 0.7 of saturation was 
reached, after which no more precipitate was obtained. <A 
slight turbidity occurred at 0.55 of saturation which increased 
as each successive traction was added, becoming flocculent at 
0.7 of saturation. This fraction was filtered on a folded filter 
paper and redissolved in distilled water. It was filtered clear 
and dialyzed for 12 days. The dialyzed protein was washed 
and dried as previously deseribed. The vield based on the 
meal used was 1.6 per cent. This is Preparation IIL. 

The analyses of Preparations II and III caleulated on the 
moisture- and ash-free basis appear in Table YI. 

We were unable to fix on a decisive separation point and are 
inclined to believe that but one globulin is present in the cohune 
nut. Our belief is strengthened by the analyses of these two 
fractions as compared with the analyses of the globulin obtained 
in Preparations I, [V, and V, the same difference in carbon con- 
tent being evident in the preparations of the globulin as appears 
in the two preparations made by fractional precipitation with 
ammonium sulfate. We were unable to make a further study 
along this line owing to a lack of material. 

Globulin. Extracted by Sodium Chloride and Precipitated by 
Direct Dialysis —Ywo sodium chloride extracts were made as 
before, and the clear extract was dialyzed in parchment bags 
against running chilled water for 12 days. The dialyzed protein 
was washed and dried as described previously in this paper. The 
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vield of protein in each case was 8.57 per cent, based on the meal 


used, 
TABLE VI, 


Fractional Precipitation of the Globulin by Ammonium Sulfate. 


(‘aleulated on moisture- and ash-free basis. 
Preparation III. 


Preparation IT. 
0.7 saturated ammonia sulfate 


0.5 saturated ammonia sulfate 


precipitate. precipitate. 
Average. I II Average. 
per cent per cent per cent per cent percent per cent 
Cc. 50.73 50.72 52.87 52.¢3 
HL. 6.77 S4 SI} 7.18 7.09 
N. 17 17.76 17.70 17.63 17.70 
23 .3A 21.18 
Moisture....... 6.46 7.92 
Ash 1 00 0.90 


* Calculated by difference. 

The analvses of these two preparations (Preparations [TV and 
V) ealeulated on a moisture- and ash-free basis appear in ‘Table 
VII. 

TABLE VIL, 
Direct Dialysis Preparations. 


Calculated on moisture- and ash-free basis. 


Preparation IV. Preparation V. 
[ Il Average. I Average. 
per cent percent | percent per cent per cent per cent 


52.13 | 52.07 | 52.10) 50.42) 50.47) 50.45 
.....-| 18.08 | 17.99] 18.04; 17.86 | 17.93; 17.90 
1.45 | | 1.42 


| | | | 23.39 
7.90 6.93 | 


* Calculated by difference. 


A summary of the analyses of the five preparations 1s given in 
Table VIII. 
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TABLE VIIL. 


(ilobulin from the Cohune Nut 


Summary of the Analyses of the Cohune Nut Globulin. 
S Of the Anal. f the € 


Caleulated on moisture- and ash-free basis. 


Preparation No, 


I] 


per cent per ce nt 


oe 52.70 | 50.72 
Hi. 7 05 ON] 
N. 17.74 | 17.70 
1.43 
21.30 

* Caleulated by ditference. 
TABLI 


Analyse hay thee 


per cent per cent pere 
52.80 | 52.10 | -50 
709 


lV 


Van Slyke 


Total N regained corrected tor solubility of 


Amide 


Hlumin N adsorbed by lime 
in aleohol extract... 


N. 
Arginine N 
Histidine N 
Lysine N. 


Amino N of filtrate. . 


Non-smino N of filtrate 


Total N regained 


Cystine. 
Argimine..... 
Histidine... 
Lysine 


pulion oO} 


TABLE 


Tryptophane........ 


\ 


7.40 IS.0O4 

Method. 
bases 

percent 
03790 03867 7.47 
OOO OOF] 
OF 
5] 
BOTT 
01320. 0127| 2.60 
0417'0.0373) 8.21 
233 
O1400 OOSS) 


Basic Amino-Acids 


LOL OF 


Average. 


ent per ri? 
AO 
6.92 
(4) 17.82 
.3o 
22.10 
Aver- 
il 


per ce nit perce nt 


4.001 
0.84 
0.09 O.11 
0.54 53 
30.96 30.87 
2.61| 2.63 
7.94 
17.92) 47.87 
2.23 


OF TOO 


Present. 
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4 7.06 7.42 
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Analysis of the Globulin by the Van Slyke Method.—A globulin 
obtained by. direct dialvsis was analyzed in duplicate, some of 
the determinations on each sample also being done in duplicate. 
The samples weighed 3.1505 and 3.0190 gm. equivalent to 2.8361 
and 2.7177 em. of moisture- and ash-free samples, respectively, 
containing 17.90 per cent of nitrogen. Sample I contained 
O.5077 gm. and Sample contamed 0.4865 gm. of nitrogen. 

The protein was dissolved in 100 cc. of 20 per cent hydrochloric 


acid and hydrolyzed by boiling the solution under a condenser 


for 36 hours. The phosphotungstates of the bases were decom- 
posed by the amyl aleohol-ether method (11). The results are 
given in Tables IX and NX. The figures for evstine are undoubt- 
edly low since this amino-acid is slowly decomposed in boiling 
hvdrochlorie acid. 
TABLE XI. 
Free Amino Nitrogen of Cohune Nut Globulin Compared with the Lusine 
Nitrogen. 


‘ ine-half 


of ‘ 
Rati lysine by 


Tot IN } N gus f “On Pre ‘ Tempera- Amino Nin arnino N to 
method 
; privy. p 
ld. 0.79 24 .0 410 3.16 3. 
3.48 


Free Amino Nitroge hi of fhe Globulin Compared math the 
Nitrogen. In order to determine the ratio between the free 
amino nitrogen of the unhvdrolyzed globulin and the Ilvsine 
nitrogen content as determined by the Van SlIvke method, about 
2 om. of the wet globulin used in the Van Sivke analysis were 
dissolved in Q.1 N sodium hydroxide solution and made up to 
25 ec. “Pwo 2 ce. portions of the solution were used for the free 
amino nitrogen determinations, using Van Slyke’s micro appa- 
ratus (12). Total nitrogen was determined on 5 ce. aliquots and 
the results were calculated to the basis of 2 e¢. Dipheny! ether 
was used to prevent foaming and corrections were made for the 
reagents used. The free amino nitrogen found agrees fairly 
well with one-half the Ivsine nitrogen as determined by the Van 
SIivke method. The results will be found in Table XT. 
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Distribution of the Nitrogen tn the Globulin.—The distribution 
of the nitrogen in the globulin was caleulated from the results 
obtained by the Van Slvke method, the calculation being com- 
parable with analyses obtained by Hausmann’s modified method 
(S$). The distribution of the nitrogen is shown in Table XII. 


TABLE NII, 


Distribution of Nitrogen in Cohune Nut Globulin. 


Globulin precipitated by dialysis. 


I | Il Average. 

per cent percent percent 

0.17 
Messe | 7.10 4.14 


SUMMARY. 


i. The globulin of the cohune nut has been isolated and 
analyzed, and a trace of albumin has been shown to be present 
in the nut. 

2. The analvses of the globulin reveals «a close similarity 
between it and the globulin of the coconut. 

5. The basic amino-acids of the globulin were determined by 
the Van Slvke method and the distribution of the nitrogen 
(Hausmann’s! was calculated from these results. 

f. The analvses indieate that the cohune nut globulin contains 
all the basic amino-acids known to exist in proteins, being high 
In and lysine. Tryvptophane is also present. 

5. The free amino nitrogen in the globulin has been deter- 
mined and has been found to agree fairly well with one-half the 
lvsine nitrogen as determined by the Van Slyke method. 
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EXPLANATION OF PLATE l. 


Fig. 1. The cohune nut, Attalea cohune Martius. Natural size. 
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(Johns and Gersdorff: Globulin from the cohune nut.) 
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CONTRIBUTIONS TO THE BIOCHEMISTRY OF 
IODINE. 


III. THE COMPARATIVE EFFECTS OF THYROID AND IODIDE 
FEEDING ON GROWTH IN WHITE RATS AND IN RABBITS.* 


By A. T. CAMERON ano J. CARMICHAEL. 


(From the Department of Biochemistry, University of Manitoba, Winnipeg, 
Canada.) 


(Received for publication, October 13, 1920.) 


INTRODUCTION. 


This investigation was carried out during the winter and spring 
of 1919-20. It was commenced with the idea of determining 
definitely whether thyroid feeding had any effect on growth in 
young animals,! and the earlier experiments dealt only with this 
one problem, and the comparative effect of todide. In subse- 
quent experiments observations were also made on the degree of 
hypertrophy produced in certain organs. 


kK. R. Hoskins (1916) has summarized the earlier literature relating to 
‘ both problems. In determining the effeet on gross weight the majority of 
earlier observations are on adult animals only. The following refer to 
growth in voung animals: 

Moussu (1899) found that small doses of thyroid stimulate the rate of 
growth in voung dogs, but that large doses are toxic. Bireher (1910) fed 
thyroid to young rats, and obtained a retardation in growth and body 
weight, but an acceleration in the process of ossification. Schafer (1912) 
noted in young white rats fed thyroid gland an increased food consumption, 
increased metabolism, and acceleration of growth. Pordyce (1912) observed 
a decrease in rate of growth. Gudernatsceh (1912-13, 1913-14) found that 
administration of thyroid to tadpoles retarded growth, but hastened meta- 
morphosis. 


* A preliminary note, outlining the results arrived at in this investi- 
gation, has been communicated to the Physiological Society (England). 

! Some preliminary and not very exact experiments by A. T. Cameron 
and T. D. Wheeler in this laboratory in 1914-15 had not vielded definite 
results. 
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Hoskins himself used white rats for his experiments. His results, based 
on average figures for a number of rats, do not show any definite effeet of 
thyroid feeding on the rate of growth; the growth curves were approxi- 
mately the same as those from the average figures for a series of controls 
from the same litters. He pointed out that the normal growth of the 
albino rat shows material variation, not only in different strains and 
under different conditions of environment, but even among litters when al! 
conditions are kept as nearly constant as possible, so that in all such tests 
experimental and control animals should be selected of the same sex and 
from the same litter. He used both fresh gland and recently desiccated 
gland without any noticeable difference in result. The dose given every 
2nd day varied from 10 mg. of desiccated (or 40 mg. of fresh) to 200 mg. 
of desiccated calf thyroid gland in different experiments, 

Herring (1917, 6) used white rats, carefully comparing thyroid-fed and 
control animals from the same litter and of the same sex. Fresh ox thyroid 
(0.1 to 0.2 gm.) was fed daily. A slight decrease was observed in the rate 
of growth of male rats. With females, more variable results were obtained. 
They appeared to be more susceptible to the treatment, but the average 
gain in weight differed very little from that of the controls (cf. also Herring 
(1919)). 

Hewitt (1920) has just published the results of two series of similar 
experiments. One was on adult rats. In the seeond he claims to have 
obtained a decrease in growth rate, but gives no details of experimental! 
observations on controls, although he indicates that such were made. 

(Compare also the results of Iscovesco with a specific preparation, 
noted below. ) 


The discrepant results just recorded are in our opinion due to 
two sources of error: the first, non-comparison of every experi- 
mental anunal with a control from the same litter kept rigidly 
under the same conditions (this source of error was excluded by 
Herring); the second, the variability of dosage. It seems natural 
to infer that a fixed dose, given over a long period to a rat of 
constantly changing weight, and to a series of rats of different 
initial weights, would not produce comparable effects; this 
method of dosage has been employed, however, by almost all the 
investigators of this problem. We have used a dose based rigidly 
on and bearing a constant ratio to the body weight of the animal 
at the time of administration, and have achieved concordant 


results. 
The literature concerned with the second problem will now be 
outlined. 
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R. G. Hoskins (1910) fed daily for 15 days varying amounts (5 to 15 
mg.) of thyroid to eighteen young guinea pigs. The adrenal glands aver- 
aged 25 per cent heavier than those of the same number of controls. 
Iscoveseo (1913), using a lipoid preparation from thyroid (the part of the 
petroleum-ether extract insoluble in acetone), and experimenting with 
young rabbits, claims to have obtained a marked acceleration of general 
growth with young animals (initial age 45 days), and a slight decrease in 
growth rate with older animals (initial age 44 months). 2 months treat- 
ment with a dose of this preparation of OLOL to 0.02 gm. per kilo of animal 
per day caused marked hypertrophy of adrenals, spleen. thyroid, testes, 
uterus and ovaries, a distinet effeet on the heart and kidneys (the latter in 
females only), and no effect on the liver. His results are not in good 
agreement with those of subsequent workers, and Fenger’s (1916) work on 
the phosphatide content of thyroid throws doubt on the lipoid nature of 
his preparation. 

In. R. Hoskins (1916), in the experiments already described, found that 
thyroid feeding produced a decided hypertrophy of the heart, liver, spleen, 
and adrenal glands (especially in males), a somewhat more uneertain and 
less extensive increase in the weight of the alimentary canal and pituitary 
(male), and possibly in the skeleton, testes, and epididymi, and a de- 


crease in the weight of the (female) pituitary. On the other hand, feeding. 


with thymus, pineal, or pituitary produced no marked or constant change 
upon the growth rate of the body or organs. 

Similarly R. G. and A. D. Hoskins (1916) found that the only etfeet of 
this nature from feeding adrenals to white rats was hypertrophy of testes, 
and in some cases hypertrophy of ovaries. 

Kojima (1916) found that the pancreas hvpertrophies: he deseribed the 
occurrence of numerous mitotie figures in the nuclet and alterations in the 
granules of the cells. 

Herring generally confirms Hoskins’ results. Thyroid feeding produces 
enlargement of the adrenals, heart, liver, spleen, testes, and ovaries, no 
constant change in the thymus, and a decrease in size of the (female) 
pituitary. The pancreas is enlarged (confirming Kojima), while the thy- 
roid glands are decreased in weight and show signs of relative inactivity. 
Herring especially draws attention to the marked hypertrophy which may 
occur with heart and kidnevs. While Hoskins thought that the hyper- 
trophies may be ascribable to the general increase in metabolism in the body, 
Herring takes the view that the adrenin output is compensatory to the thy- 
roid, more especially in its action on the circulation, and the combination 
of these factors along with the increased metabolism may be the cause of 
the great hypertrophy of heart and kidneys. 

Herring (1915-16, 1917, a) had previously shown that the adrenin 
content of the adrenals was increased. Kuriyama (1918) was unable to 
find an increase either in the size of the gland or in the adrenin content. 
Hewitt (1920) eriticizes his method, and confirms Hoskins and Herring 
with respect to the adrenals, heart, liver, and spleen, and Herring with 
respect to the diminution in size of the thyroid. He finds that the pitui- 
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tary hypertrophies in the majority of cases (male rats). He uses for ecom- 
parison figures Donaldson’s (1915) collected data, a method open to some 
objection, as Hoskins has pointed out. He considers further that his 
results indicate that the abnormal condition is probably temporary, and 
that a return, perhaps incomplete, to normal proportions ts indicated after 
cessation of thyroid feeding. 

The loss of fat as a result of thyroid feeding is well known. Both 
Hoskins and Herring noted it in all their experiments, and this loss was 
considered to balance the organ hypertrophy and so mask any total weight 
changes. 

Cramer and Wrause (1912-13) found that, if cats and rats were fed 
thvroid, in 2 or 3 days glyeogen completely disappeared from the liver, 
even on a rich carbohydrate diet, and this observation has been confirmed 
by Kurivama and others. Wurivama was unable to observe this loss of 
giveogen in the frog. 

We are unaware of any experiments with todides similar to those de- 
scribed above with thyroid. 

It has been repeatedly shown that the iodine content of the thyroid is 
easily influenced by iodine in the diet, whether fed as inorganic or organic 
podine, Or as thyroid itself.? showed that after thyroid feeding 
the vesicles of the thyroid of the rat were distended with colloid. hojima 
(1917) obtained this result both after administration of thyroid and of 
sodium or potassium iodide. The epithelial cells lining the vesicles are 
flattened. Herring’s findings are not exactiv In agreement. 


RESULTS, 


The animals emploved were white rats and rabbits. In all, 
forty male and seventeen female rats were used. Of these, 
thirtv-one mates, and sixteen females were from nine litters; 
seven controlled experiments were carried out with thyroid, and 
four with sodium todide. The initial age of feeding varied from 
Kt) to 60 days. The remaining ten animals were of different 
ages and from different litters, and were used in a specific experi- 
ment to induce tetany by feeding large thyroid doses. Most of 
the litters were born and reared in the Department; some were 
purchased locally when still quite voung. 

Previous to treatment, the rats were isolated in small cages, 
groups of such cages being kept side by side. The rats were 
weighed to the nearest 0.5 gm. each morning before food was 
given. Except in the first experiment, unlimited bread and 


See, for example, Baumann and Goldmann (1800), Roos ¢1890), and 


Simpson and Hunter (1911). 
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milk were fed throughout. The dried thyroid was weighed to 
the nearest milligram, mixed with flour (except where indicated), 
made up into a tlick paste with water, and fed on a watch-glass 
before other food and immediately after weighing. After the 
Ist dav it was always eaten greedily and completely, so that the 
error from wastage can only amount to 4 small per cent. The 
dosage was, in different experiments, | mg. of dried thyroid to 
20, 10,5, and 2 gm. of the actual body weight at the time of feeding 
(1: 20,000: 1: 10,000: 155,000: 152,000). 

Three thyroid) preparations were used: the first a Merck 
(Darmstadt) preparation at least 9 vears old, contaiming 0.39 
per cent of rodine (termed below Thyroid A}: the second a hog 
thyroid preparation containing O.34 per cent of iodine (termed 
Thyroid B); and the third a sheep thyroid preparation containing 
0.18 per cent of iodine (termed Thyroid ©). The two latter were 
prepared in December, 1919, and were obtained from the Armour 
laboratories through the kindness of Dr. F. Fenger. 

In order to control any toxie effects of the thyroid preparations, 
not due to the specific nature of the tissue, ox liver, purchased 
locally, and dried at LOOPC. without any previous aseptic or 
antiseptic precautions, was fed in amounts equal to the thyroid 
dose in a number of experiments, until it became evident that 
no different effect was observable with these controls, and with 
controls fed solely on bread and milk. 

Sodium iodide was used on account of the non-aetivity of the 
sodium ion. Dilute solutions were emploved of such strength 
that not more than | or 2 ce. were required to give the requisite 
dose. This was measured with a graduated pipette, mixed with 
Hour to a thick paste, and given on a wateh-glass as usual. 

At the conclusion of each experiment the animals were killed 
with chloroform, the organs dissected, the larger weighed imme- 
diately, and the smaller transferred to closed weighed glass vessels 
for subsequent weighing. Where indicated below, one thyroid 
lobe was transferred to corrosive sublimate. and after hardening 
was sectioned and stained with hematoxvlin-eosin for histological 
examination. The other lobe, or the whole thyroid, was dried 
at 100°C. for drv weight determinations. Attempts to estimate 
the small amounts of iodine in the single lobes by the Kendall 


(1914) method were not very successful and were abandoned. 
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In some of the later experiments Kendall’s recent modification 
(1920) was used with successful results. 

The tables show the body weights on every 3rd dav. The 
daily weighings give somewhat less regular curves, probably 
largely owing to room temperature variations from the extreme 
climatic conditions. Since these were the same for control as 
for treated rats, they can be neglected. 

In a few cases, where thvroid-fed rats died suddenly, and the 
controls were being used for other treated rats from the same 
litter, organ weights are given in the tables for comparison, taken 
from Donaldson's averages. 

In one experiment five rebbits from one litter, born in the 
Department, were used. They were isolated into separate 
cages, handled, and weighed daily for some time before treatment 
commenced, as it was found that initially this handling appeared 
to affeet them considerably. Their diet consisted of unlimited 
oats, hay, and green stuff. When their growth rate became rela- 
tively constant they were fed each morning dry thyroid mixed 
with dry ground oats, immediately after weighing and before 
other food was given. They soon became habituated to this 
treatment, and the thyroid was consumed with very little loss. 
At the end of the experiment thev were killed and examined in 
the same wav as the rats. 


Eeperiment 1.-—Vhyroid A; 1:20,000; rats. Litter of four rats, two male 
and two female, born August 12th, 1919. Previously to the 39th day 
the diet consisted of oatmeal and household seraps. On the 39th day 
thyroid was fed with ground oatmeal to one male and one female, and the 
diet of all four was restricted to oatmeal and water. The diet showed a 
vitamine deficiency. On the 45th day green food was given in addition, 
and on the 49th day the diet was changed to bread and milk and 20 mg. of 
oatmeal in all cases. The control male rat was fed an amount of dried 
meat equal to thyroid from the 39th to the 70th days, and subsequently 
dried powdered ox liver. The control female rat was fed only the 20 mg. 
of oatmeal corresponding to that mixed with thyroid, in addition to the 
bread and milk. The figures for body weight are given in Table I. 

Experiment 2.--Thyroid A: 1:20,000; rats. <A litter of eight, five male 
and three female, born September 12th, 1919. Diet, unlimited bread and 
milk. Thyroid feeding was commenced on the 39th day. Two male con- 
trols were fed on liver corresponding in amount (1:20,000), and one male 
and one female control were given 20 mg. of oatmeal. All thyroid and 
liver doses were given with 20 mg. of oatmeal. The body weights are given 


in Table II. 
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The figures for dry thyroid in parentheses were calculated from those 


found for a single lobe. 


scopic examination showed no obvious cause. 


Age. 


102 
105 
10S 
L14 
115 


Weight increase, 


In 1S days.. 


Thyroid, fresh 
dry.. 


TABLE 


40.5 
S4 
G2 
96.5 
102 
111 
116 
124 
126 
146 
144 
14s 
1535 
156.5 
150 
162 
163 
170 


wt 


QO 


No. 1 was found dead on the 69th day. Macro- 
Male. Female. 
Thyroid- Chyroid- Contest 
ed eal. 
qm. qm. gm. qm. 
60.5 | 6 55.5 
| 31.5 | 62 | 50.5 
| 54.5 | 61.5 49.5 53.5 
154.5 | 50.5 | 56 
61 i6 H6 


» 
| 82.5 | 70 
173.5 | 80 
198.5 | 80 | $6.5 
113.5 | 85 00 
118 89 O06 
125 SS 102 
150 Ot 102.5 
137 a0) 104.5 
144.5 10S 
143.5 111.5 
148 103.5 (116 
158 14.5 i117 
166.5 121 
160 20.0 
171 120 129 
177 126 133.5 
134.5 
190 136 35.5 
136 132 
144 35 
198 146 139 
17.5 15 95.5 
65 4] 47 
126 SI | 76.5 
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Nos. 6 and 8 at the end of the experiment were killed, minced, and an 
ether extract was made. No. 6 yielded 8.5 and No. 8 14 gm. of ether- 
soluble material. 

Experiment 3.—-Thyroid A; 1:10,000; rats. <A litter of two female rats, 
born October lith, 1919. Thyroid fed with 20 mg. of oatmeal commencing 
on the 39th day; control animal fed 20 mg. of oatmeal. The body weights 
are given in Table IIT. 

TABLE III. 


Female. 


Female. 


Age. | Thyroid-fed. | Control. 
days gm. gm. 
45 45.5 
39 53 | 53 
42 5d 57 
45 60.05 67 
4s 63 70 
5] 6S 79.0 
71 78 
57 74 S4 
HO) 76 88.5 
94.5 
Ob 101.5 
100 107 
a9 108.5 
103 110 
7s 107 LIS 
103 11%) 
Weight increase. 
In 18 days.... 2] 3] 


Experiment 4.—Thvroid A; comparison of different dosages. <A litter 
of three males and three females, born November 16th, 1919. Thyroid 
(mixed with flour) was fed from the 58th day. The controls were fed on 
bread and milk only. The body weights are given in Table IV and the 
organ weights in Table V. 

The male rat fed a large tivroid dose was found dead on the 76th day 
(18th day of treatment). No definite cause was apparent. The female 
rat fed similar dose was found dead on the SOth day (22nd day of treat- 
ment}. The cecum contained a small pebble. The rat had eseaped from 
its cage for a few hours 3 days previously, 
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Comparison of different thyroid preparations. The 


litter consisted of five males and two females, born on January 5th, 1920. 


The females were used for iodide tests (see below). 
one-five thousandth of body weight, and were fed with flour. 


All thyroid doses were 
One control 


rat was fed equivalent amounts of dried liver, also given with flour. A 


second control was given bread and milk only. 
menced on the 46th dav. 


Table VI. 


Age. 


days 


Weight increase. 


In 18 davs.. 


36 


TABLI 


Male. 


Thyroid Thyroid 


1: 5,000 1: 20,000 


qm. gm. 

SO 

98.5; 95 

103 103 

104 1033 

10S 

108 | 114 

119.5 

126 

126 

132 

135 

129 

15 30 

40 


Contro! 


‘I hvroid 
1: 5,000, 


te 


Female. 


Thyroid 


1: 20.000 


74 
SO 
SOLO 
OH) 
L100 
105 
107 
106 
106 
106 


aw 


‘Treatment was com- 
The body and organ weights are given in 


Control 


Experiment 6.—Comparison of different thyroid preparations. The 


litter, born on February 7th, 1920, consisted of six males. 
used for iodide tests. 
The control was fed bread and milk only. 
the 56th day. 


Table VII. 


Dose 1: 


Two were 


The remainder were treated as in Experiment 5. 


9,000, 


Treatment was commenced on 
The body and organ weights are given in 


No. 1 developed marked and unmistakable tetany symptoms on the 
7Iist dav (15th day of treatment). 


The spasms were accompanied by 


typical flexing of the fore limbs and paws and dragging of the hind limbs. 
Similar attacks were noticed during the 72nd, 74th, 75th, and 78th days, 
and others were suspected to have occurred at night, from the condition 
of the animal in the morning. 


During this period the rat exhibited a con- 


a 


AK 


BE 


353 
it 
| 
AR 
fy] St) 4] 
103 
th, 106} 
TO 114 106 
73 122 KS 115 
70 133 116 
136 122 
136 130 | 
SS 146 112 128 
9] 152 114 131 
4 110 135 
ts 
| 


Ine. 


. 


trv of Tod 


IS 


Biochem 


SO 


OSOO HL00 0) COM) 
Ch f SY 
OC] Hat 
SoG O OFS SEE O SO 
O Ls¢ 922 0 al 
162 0 SoS 0 SOL 


tr 


GO] 
() SOLO 0 
() tot O Ltt 0 olf 
IZ 0 1a) 0 
() Cc) () 0) 
L lt S 
CET | (yal 
mili Mil ual 
i] | 
es 
| COO | tcS 
(G2 OO] G ES te 


AO OV AL 


0 
SHE O 

0 
CN 
cs 


tic 


0 


COS 
SO] 


Co 


‘ 


. 
. 
. 
. 


Apog 


“PLOLAY 


. 
. 


Apog 


sAoupry 


4 

¢ 

i 

i 

~ 
i 
~ 
‘ = 
at 

; 

| | 
> 

‘ 

= 


\ A. T. Cameron and J. Carmichael S1 i 
TABLE VI. 

Rati Rat 2 _ iat 3 3 Rat 4 Das 

Aw Phyroid A; Phyroid B; Phyroid C; Liver Contec! 4 

0.38°% I. 0.34° I. 0.18°7 I. Control! 

day m qm am. qm ym ai 

40 73 7 6S 66 60 ‘8 

45 76 SI 73 70 65 1s 

19 SI $5 S4 75 a 

5S 91.5 O45 04.5 ON 

ti] ay 5 5 LOL. 5 

Weight inerease., 
Body length, mov. ISO) lio 
Weight of organs. 

Kidneys 1.39 1.40 1.13 
Heart 0.72 0 66 0 60 0.52 0.61 
Lungs O64 0.73 0.63 0.68 
Testes 1.93 196 206 18S 
Spleen... .. 0.323 O QO 52S () YS] 
Adrenals 025 Q 025 0.021 0.017 
Thyroid, fresh... OON4 OOS] OO77 OL3S O100 

Liver 9.25 7.82 6.75 5.33 171 
1 66 38 1.35 1 O4 1 07 
Heart 0.76 O65 O49 O57 
Lungs 0.73 0.56 59 
Testes 1 1.92 1.93 1.77 
Spleen....... O34 0.3 0.52 0.23 26 
Adrenals... 0 O26 QO O25 0.020 0.017 O16 
Thyroid, fresh. 0 0 OOST OO74 QO 


OOPS. 


OOlF) 


tinuous very rapid heart beat, rapid respiration, was restless, and de- 


veloped a rough coat. 


There was no exophthalmos. 


There was a gradual 


protusion in front and above the thyroid cartilage, external to the museular 


eoat; pus developed and a seab formed. 


The tissue surrounding this was 


examined histologically, and appeared to be abnormal lymphatie tissue. 
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TABLE VII. 


days | gm. qm. | qm, gm. 
50 me) | 50 | 46 50 
53 | 50.5 56 
56 | 61.5 | 61 | 58.5 | 68 
59 | 65.5 | 63 | 64 | 72.8 
62 | 68.5 | 66 67 — 80 
65 | 75 76 8s 
68 78 | 75 | 81.5 | 96 
71 79 77 | 83 102 
74 76 | 85.5 | 92.5 111 
77 79 90 | 98 122 
76 90 108 129 
82 . 134.5 
Weight increase. | | | | 
Body length, mm.............. 146 | 165 | 165 185 
Weight of organs. 
0.048 | 0.025 | 0.022 | 0.019 
Thyroid, fresh ................| 0.0058 | 0.0074! 0.0085 | 0.0125 
(0.0015) (0.0021) (0.0028) (0.0085) 
per cent ‘per cent per cent | per cent 
0.77 0.62. | 0.45 
es es 0.064 | 0.027 | 0.020 | 0.014 
0.0077. 0.0080 0.0078 0.0098 


(0.0020), (0.0022) (0.0025)} (0.0026) 
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The muscular development was small, compared with the normal animal 
of the group. No. 2 had a rapid heart beat, was restless, developed a 
rough coat, and a doubtful exophthalmos. Towards the end of the ex- 
periment a marked protuberance appeared in a position similar to that in 
the first rat (a pus tumor). The appearance and condition of the other 
two rats were normal until they were killed. 

Experiment 7.—Comparison of different thyroid preparations. An ex- 
periment with a litter of four female rats, born March 15th, 1920. The 
same treatment was given as in the two previous experiments. Thyroid 
feeding was commenced on the 39th day. Dose 1:5,000. The body and 
organ weights are given in Tables VIII and IX. 


TABLE VIII. 


Rat tL. Rat 2. Rat 3. Rat 4. 

gm. gm. gm. gm. 

39 47 40 43.5 36 

42 49 42.5 48 42 

45 55.5 46 54.5 49 

48 62 53 59 54.5 

51 67.5 61 66 63.5 

54 74 65 73 70 

57 85 73 80 79.5 
Weight increase. 

In 18 days...... 38 (81%) | 33 (82% 36.5 (84%) | 43.5 (121%) 

Body length, mm.) 156 148 155 150 


Experiment 8.—An endeavor to induce tetany by thyroid feeding. 
Ten young rats from different litters were fed thyroid over a long period. 
An unlimited bread and milk diet was given. The initial ages were not 
known. Feeding commenced May 8th, 1920. The first five were fed at the 
rate of 1:2,000; the second five at 1:5,000. 

No. 1, female, initial weight 51 gm. On the 8th day of feeding thyroid, 
the rat showed symptoms of incipient tetany, on the ninth day appeared 
normal, and on the 10th day had an attack of tetany lasting 3 hours, with 
rapid pulse and respiration, high temperature, and fatal termination. 
The weight at death was 70 gm. The animal was autopsied. The liver 
presented a pecular mottled appearance, the heart was empty (hard), 
and the blood was chiefly in the periphery. The other organs appeared 
normal. 

No. 2, male, initial weight 57 gm. On the 18th day of treatment the 
animal appeared abnormal. The coat was ragged. There was no distinct 
symptom of tetany. Death occurred on the 19th day. For several days 
prior to death there was a permanent stricture of the penis. Weight at 
death 67 gm. 
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No. 3, male, initial weight 134 gm. Died on the 27th day of treat- 
ment. Final weight 96 gm. The weight fell steadily throughout the 
treatment. There was oceasional stricture of the penis after the 17th 
dav. No distinet cause of death was noted. 

No. 4, male, initial weight 180 gm. Death occurred on the 30th day, 
from no distinet cause. ‘There was a steady slow fall in weight, the final 
weight being 112 gm. 

No. 5, male, initial weight 115 gm. There was a slow gain in weight. 
On the 32nd day the animal (weight 133 gm.) was killed and examined 
(see Table N). 

No.6, male, initial weight 78 gm. The weight kept practically constant 
(maximum noted was S4 gm.). The animal died on the 17th day (weight 
78 gm.)}. There were no symptoms of tetany and no distinet cause of 
death. 

No. 7, male, initial weight 97 gm. The weight varied between 93 and 
100 gm. for 16 davs, and then fell slowly. The animal died on the 28th 
dav from no observed cause. Final weight SS gm. Occasional stricture 
of the penis was noted. 

No. 8, male, initial weight 89.5 gm. Weight kept fairly constant (maxi- 
mum reached, 97 gm.). Death occurred on the 20th day from no definite 
cause. Weight S4 gm. 

No. 9, male, initial weight 115.5 gm. There was a slow increase in weight 
to 160 gm. on the 52nd day when the animal was killed and examined (see 
Table X\)}. The appearance remained normal throughout, except that 
bald patches developed around the eyes. 

No. LO, male, initial weight 115.5 gm. This increased to 128 gm. (11th 
dav} and then fell slowly to 112 gm. (32nd day) when the animal was 
killed and examined (see Table X). The hair was somewhat rough. 

[It should be remarked further that the examination of No. 5 showed 
the development of mumerous small Iymphoid glands, especially in 
the neighborhood of the axilla. Several of the animals showed a marked 
inflammation (granulation) of the evelids. 

Experiment 9.—Sodium iodide. Two male rats from the same litter, 
born September Sth, 1919. The todide dosage was made equivalent to the 
amount of iodine in the Thyroid A preparation fed in the ratio of 1:5,000 
(1 part of iodine to 1,250,000 of body weight). The initial weights of the 
iodide and eontrol rats were respectively 102 and 99 gm. (66 days old); 
the weights after feeding 56 days were 171 and 169 gm. At no time was 
the difference in weight greater than 7 gm. and it varied in both directions. 

The weights of the following organs were respectively for the iodide 
and control rats: liver, 8.08 and 6.91 gm.; kidneys, 1.45 and 1.28 gm.; heart, 
0.76 and 0.72 gm.; lungs, 0.92 and 0.83 gm.; spleen, 0.53 and 0.45 gm.; thy- 
roid, fresh, 0.0122 and 0.0125 gm.; dry, caleulated from one lobe, 0.0037 
and 0.0043 gm, 

Ker periment Sodium iodide. One of two female rats from the litter 
born January 5th, 1920, was given sedium todide in the ratio of 1 part of 
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iodine to 500,000 of body weight. The iodide was fed from the 46th day. 
Compare Experiment 5. The results are given in Tables XI and XII. 


TABLE XI. 
Age. | Iodide rat. | Control rat. 
days | gm. gm. 
40 | 61 60 
43 | 65 63 
46 67 61 
49 77 68 
52 80.5 70 
55 85.5 73 
58 90 74 
61 94.5 7 
63 100 82 
Body length, mm.............. 165 | 160 
TABLE NII. 
Iodide rat. Control rat.| Iodide rat. | Control rat. 
gm gm. per cent per cent 
5.01 3.88 5.01 4.73 
0.60 0.45 0.60 0.55 
es 0.023 0.019 0.023 0.023 
0.0090 0.0092 0.0090 0.0112 
(0.0019) | (0.0018) | (0.0019) | (0.0022) 


The control rat during this period did not appear to be perfectly normal, 
and did not take food well. 

Experiment 11.—Sodium iodide. Two of the six rats born February 7th, 
1920 (see Experiment 6), were fed different doses of iodide, and the same 
control was used as for those fed thyroid. Feeding was commenced on the 
56th day. The results are given in Tables XIII and XIV. 

Experiment 12.—Sodium iodide. A litter of eight rats, males, born 
April 6th, 1920. Two rats (Nos. 1 and 2) were used as controls, two were 
fed iodide at the rate of 1 part of iodine to 50,000 of body weight (Nos. 3 
and 4), two at the rate of 1 of iodine to 25,000 (Nos. 5 and 6), and two at 
the rate of 1 of iodine to 12,500 (Nos. 7 and 8). Feeding was commenced 
on the 41st day. The results are given in Table XV. 

The thyroid material from each pair of rats was united and the iodine 
estimated by Kendall’s (1920) method. The resultsare givenin Table XVI. 
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TABLE 


Rat 1. Iodine! Rat 2. Iodine | 
1.5: 


Age. 00,000. | 3:500,000. Control rat. 
days | gm. | gm. | gm. 
50 
56 
62 83 Fes 
65 a 
68 06 
71 | 105 
74 | 114 | 105 
80 
2 ae | 123 | 134.5 
Weight increase. | | | 
| 46 | 4 | 58 


TABLE XIV. 


Rat 1. Rat 2. Ratl. | Rat 2. | Control 


rat. rat. 
gm. | gm. | gm. | percent | per cent per cent 
16.44 | 6.54 |8.01 | 4.92 | 5.32 | 5.94 
1.19 1.10 | 1.26 |0.91 |0.89 | 0.94 
0.54 |0.58 {0.60 |0.41 | 0.47 | 0.45 
0.81 |0.68 |0.80 (0.62 (0.55 0.59 
0.299 | 0.308 | 0.330 (0.23 (0.25 | 0.25 
Adrenals.............. 0.027 0.024 | 0.019 | 0.021 | 0.020 0.014 
Thyroid, fresh... ... 0.0129 0.010 0.0125 0.0098 0.0114 0.0093 
(0.0043) (0.0042) (0.0035) (0.0033) (0.0034) (0.0026) 


Experiment 13.—Rabbits; Thyroid A; 1:5,000. Litter born March 29th, 
1920. Five survived; three males, and two females. Thyroid feeding 
commenced on the 50th day. The thyroid was mixed with oatmeal. The 
control female appeared abnormal on the S3rd day, and died on the S7th 
day. There was apparent paralysis of the hind limbs. Examination after 
death showed an abnormally distended bladder, very distended stomach, 
and an apparently abnormal spleen. The other animals appeared normal. 
They were killed on the S7th day. The results are given in Tables XVII 
and XVIII. 
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TABLE XVI. 


Material. | — | Iodine found. 
| om. | gm. per cent 
Thyroids from Rats 1 and 2........... ~~ 0.0074 | 0.0000061 0.08 


Histological Examination. 


Where in the tables figures for dried thyroid are given in 
parentheses, one lobe was transferred fresh to corrosive sublimate, 
sectioned, and examined histologically. Professor Swale Vincent 
kindly reported on these sections. He found that in every case 
not only had colloid distended the vesicles, but that the lym- 
phatic vessels outside the vesicles, and the intervesicular tissue 
were also distended with colloid; that, in fact, the colloid had 
overflowed. Small doses over long periods produced effects com- 
parable with larger doses over a short period, and the effects of 
administration of sodium iodide were the same as those of admin- 
istration of thyroid. 

In Experiment 5, liver, kidney, heart, lung, testes, spleen, and 
adrenal sections were made from No. 2, fed thyroid containing 
0.34 per cent of iodine. These showed no observable difference 
from sections from the corresponding organs of the control rat. 


DISCUSSION, 
Results for Normal Rats. 


The gross weights and body lengths show in individual cases 
marked differences from Donaldson’s figures, though the average 
results agree moderately well. The organ weights, where meas- 
ured, show distinct deviations from Donaldson’s tables, as shown 
in Table XIX. | 

The differences for the spleen, which indicate variations both 
above and below the averages recorded for animals of the same 
age, weight, and body length, can be taken as typical also of the 
figures for liver, heart, kidneys, and lungs. In the case of the 
testes our figures appear to be distinctly higher than Donaldson’s. 
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TABLE XVII. 


SO 
S7 


Weight increase. 
36 


Body length, mm........ x 


330 | 379 
374 
| 425 | 472 344 


Rabbit 1; | Rabbit 2; 


Rabbit 3: | Rabbit 4: | Rabbit 5: 


307 363 330 


351 339 


455 «559 379 


— 


95 93 
224 | 182 


543 658 


| male. {| male. male. | female. | female. 
_ Thyroid. , Thyroid. | Control. Thyroid. | Control. 
gm. | gm. gm. gm. | gm. 
207 | 324 335 | 267 


Weight of organs. 


Ovaries........ 


Thyroid, fresh...........| 


299.29 25.94 
2.35 | 2.67 


3.86 | 3.93 | 
0.061 


0). 204 
0.134 
1.071 0.907 
0.0313, 0.0450, 
0.0133, 0.0203. 
per cent | per cent | 
5.30 | 4.58 | 
100 0.96 
0.43 | O.47 
0.015 


| | 
0.055 | 
0 032 


0.052 


0.0456 0 
0.0174 


per cent per cent 
4.04 | 6. 
0.25 | 
060 Ov. 


0.025 


0 O45 
0.029 


25.04 2) 
46 
2.35 2.35 
2 


40 
9.15 


2.30 


030 0.033 
0.298 0. 
0.189 | QO. 
1.078 


239 0.102 
124 0.190 
743 | 0.582 
0304. 0.0325 


O14 0.0130 


per cent 
29 4.04 
O7 0.97 
0.44 
0.44 


0072, 0.0062 
05S 0.019 
030 0.036 


0.20 
0005S 
0 OO25 


0.16 
0 
0 0036 


0.16 
0 0069: 
0.0026 


coos 


0.0073 
0.0030 


0.11 
0.0061 
0.0025 


4 


7 


Age. | 
days 
OO a 
SOU 
‘ ‘> 
385 7 
OS 
74 482 
si) 517 } 
160 il 
JSS 215 
| 
of 
1.66 : | 
3 92 
Thyroid, fresh........... a | 
dry 
| 
Kidneys. ...... 
Heart. . | 
| 
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The discrepancy becomes more marked with the adrenals,® all of 
lower weight, and still more marked with the thvroids, the 
weights of which are only from one-third to one-half those of 
Donaldson's rats. These discrepancies may to some extent be 
due to differing diets. In regard to the adrenals it is now defi- 
nitely proved (MecCarrison (1919), Vincent and Hollenberg 
(1920)) that inanition causes marked hypertrophy. Such 
hypertrophy is also very distinet with thvroid feeding, and it is 
possible that other diet modifications may also cause changes. 
The thyroid discrepancies are more difficult to explain. Hoskins 
and Herring also obtained lower normal figures, 


TABLE NVIIE, 


Estimation of lodine Content of Thuroids. 


? 
An ‘a t lodine found. 


Material, taken. 
gm. gm, per cent 
“ 0.0203 0.0000642 0.32 


No clue is afforded from these figures as to whether compari- 
sons should be made more appropriately with rats of the same 
age, weight, or body length. Ti is quite evident that wherever 
possible control rats of the same age from the same litter must 
always be used. Even with such animals distinct variations are 
evident, and it is also obvious that where there is a marked 
slowing of growth comparison of the actual weights of organs 
may lead to an inecorreet conclusion. We consider that the 
comparisons least likely to lead to error are those of figures 
expressing percentage of organ weight to total body weight for 
animals of the same age although there will be with these an 


3The adrenal figures are not included in the table. The following, 
for the control rat from Experiment 12, can be taken as typical: weight 
0.028 gm.: Donaldson’s figures, saine age 4.0264 gm., same weight 0.0264 


gm., same length 0.0300 gm. 
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error of a small per cent for thyroid-fed animals from fat loss 
(compare Experiment 2). No great stress can be laid on the 
comparisons with Donaldson’s figures in Experiment 8 since the 
ages of the animals were not known. 


Effect of Thyroid Feeding on Total Body Weght. 


Under the conditions of experiment adopted, in each of the 
seven experiments on rats, and that on rabbits, a distinet and 
marked decrease of growth rate is shown without exception, when 
animals are fed thyroid gland. This decrease is greater than 
any varintion between animals in the same litter. The effect is 
usually perceptible after 2 or 3 davs feeding. With prolonged 
feeding of small doses (experiments 1 and 2, females) the body 
weight tends to become normal again. This is probably due to 
the fat loss (and perhaps the total loss through the decreased 
growth rate) becoming balanced by the hypertrophy of certain 
organs (experiment 2 indicates a fat loss of about 4+ per cent of 
the body weight). Large doses tend to inhibit growth completely 
(experiment &). 

The same decrease in growth rate occurs in rabbits. 

This decrease is not to be attributed to any toxic effect of 
thyroid other than that specific to thyroid tissue itself, at any 
rate with doses not greater than one-five thousandth of the body 
weight, since the equivalent amount of liver tissue, dried by 
methods certainly not more careful to exclude autolysis ete., 
produces no such effect. 

The decrease in growth rate is definitely greater the greater 
the amount of thyroid fed (Experiment 4), but in order to show 
this it is necessary to use animals from the same litter (compare 
experiments 2 and 3). 

Analysis of the results detailed above does not indicate marked 
difference between females and males in susceptibility to thyroid 
feeding (cf. Herring). 

The decrease in growth rate is greater the greater the 1odine 
content of the thyroid fed (Experiments 5 and 6; Experiment 7 
does not show this so accurately for the gross changes, but this 
ean almost certainly be accounted for by the greater differences 
in initial weight; the percentage increases in weight are not in 
disagreement with the conclusion). 
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Days 


Fig. 1. Experiment 4. The heavy lines represent weights of rats dosed 
in the ratio of 1:5,000, the light lines those for the ratio 1:20,000, and the 
dotted lines those for control rats. 

Thyroid feeding was commenced where indicated by the vertical dotted 
line. 


Gm. 


68 80 
Days 
Fic. 2. Experiment 6. Rat 1, fed thyroid containing 0.38 per cent 
iodine; Rat 2, fed thyroid containing 0.34 per cent iodine; Rat 3, fed 
thyroid containing 0.18 per cent iodine; Rat 4, control rat. 
Thyroid feeding was commenced where indicated by the vertical dotted 


line. 
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Fig. 1 illustrates the effect of dosage on the extent of decrease, 
and Fig. 2 the effect of iodine content of the thyroid fed. 


Lffect of Thyroid Feeding on Body Length (Snout to Anus). 


There is usually, but not invariably, a decrease in body length. 


Effect of Thyroid Feeding on the Liver, Kidneys, Heart, Spleen, 
Lungs, Testes, and Adrenals. 


The livers of nine rats out of eleven (Experiments 4, 5, 6, and 
7) show a distinct hypertrophy from comparison of the actual 
weights. expressed as percentages, the figures emphasize the 
hypertrophy, and those of the remaining two rats conform. The 
figures (actual weight) for kidnevs show an increase in every 
ease. There is one exception for heart, and one for spleen; 
expressing these in percentages brings them into agreement. 
The adrenals invariably show an actual increase (nine rats, 
Experiments 5, 6, 7; no accurate observations were made in 
Experiment 4). The figures for testes and lungs are less in 
accordance, but the percentage figures In most cases Indicate a 
relative hypertrophy. The extent of the hypertrophy is evidently 
less for these two organs. The somewhat greater extent of gen- 
eral hypertrophy obtained by Herring would appear to be due to 
longer feeding with larger doses. Our figures, correlated with 
those of Hoskins, of Herring, and of Hewitt. lead to the general 
conclusion that the extent of hypertrophy depends on the size of 
dose and the length of dosage period, although variations with 
individual litters are marked. 

Hewitt’s results are open to criticism, since apparently Donald- 
son's figures alone were used for comparison. Nevertheless his 
conclusion that these organs tend to resume normal proportions 
after resumption of ordinary diet is valid, since it is based on 
observations on rats of the same litter. 

It is probable that Herring’s contention that part at least of 
the thyroid effect is produced through the medium of the hyper- 
trophied adrenal may be correct in as far as the testes are con- 
cerned, since Hoskins (1916) noted that adrenal feeding produced 
hypertrophy of these organs. Since Hoskins’ results indicated 
no effect on other organs, it is probable that the effects on heart, 
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pancreas, adrenals, kidneys, and liver are due directly to thyroid 
action. Herring has pointed out that Hatai (1915) has induced 
similar hypertrophies in rats subjected to a large amount of 
exercise, a treatment which may logically be compared with the 
increase of general metabolic activity now usually regarded as 
the chief function of the thyroid secretion. 

Rabbits showed a relative hypertrophy except for testes, 
ovaries, and adrenals. There was no constant decrease in 
thyroid. The water content of the thyroid, both in normal and 
treated animals, was unusually low. 

The percentage hypertrophies recorded in Experiments 5 and 
6 point to greater hypertrophy with greater iodine content of 
thyroid fed. Experiment 7 only partly confirms this. While 
further experiments are desirable to exclude individual variations 
we conclude that the results indicate that this dependency on 
iodine content exists. The proportionality of the action on both 
growth rate and organ hypertrophy to iodine content, in har- 
mony with other observations on the physiological and meta- 
bolie action of thyroid preparations, is to be expected if thyroxin 
is the essential constituent of the thyroid, since, according to 
Kendall (1915), this compound occurs combined in the gland in 
amount invariably corresponding to one-fourth of the total 
iodine content. 


Effect of Thyroid Feeding on Size of Thyroid. 


Our results confirm Herring’s, that in growing voung rats fed 
thvroid the thyroid shows relatively less growth. We obtained a 
greater effect with males than with females. The thyroids as a 
rule were paler than normal glands. Their histological appear- 
ance has been described. The figures for dry thyroid tissue also 
show a similar decrease. 


Effect of Thyroid Feeding on Body Fat and Muscular Development. 


Like most of the previous observers we have noted an almost 
complete disappearance of fat tissue in all animals fed thyroid, 
In one or two cases, e.g. No. 1, Experiment 6, the muscular 
development was distinctly less than normal. 
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Effect of Feeding Sodium Iodide. 


Examination of the figures in Experiments 9 to 12 reveals no 
decrease in growth rate, no relative hypertrophy of body organs, 
and no effect on weight of thyroid. No disappearance of fat 
tissue was observed. The actual figures probably indicate fairly 
accurately the extent of variation in normal rats of the same 
litter. It has already been noted that histological examination 
of the thyroid shows the same changes after iodide as after thy- 
roid feeding. 


Other Effects from Thyroid Feeding. 


The occasional deaths noted during thyroid feeding by pre- 
vious Observers, and occurring in our experiments especially with 
the larger doses, are presumably to be regarded as a definite 
result of thyroid action. Kendall (1919) has noted the same 
effect with thyroxin. The non-occurrence of such results when 
thyroid medication is given in diseases such as myxodema and 

cretinism over prolonged periods is explicable, since the thyroid 
| deficiency is merely corrected, and the effect of a hypersecretion 

is not produced. Other hypersecretion effects (rough coat, 

increased heart beat, ete.) have been observed by us in but few 

eases, and then chiefly with voung animals. These seem dis- 
: tinctly more susceptible to the same relative dose. The two 
eases of tetany that we observed were with young animals. 
While we have no explanation to offer for this occurrence, we 
would point out that the observations of Collip and Backus 
(1920), and of Grant and Goldman (1920), that prolonged forced 
breathing may cause symptoms of tetany in man, may have some 
bearing, since rapid respiration and heart beat were concomitant 
factors in the cases we observed. 


Effect of Thyroid and of Iodide Feeding on the Todine Content of 
the 


Experiment 12 shows that there is a marked increase in 1odine 
content after administration of iodide, in agreement with numer- 
ous previous observations. The amount of iodide fed, within 
the limits of this experiment, did not affect the amount of increase. 
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No such increase was observed in rabbit thyroids after thyroid 
feeding. This suggests that with the relatively small dose 
employed no iodine was stored in the thyroid, but that the iodine- 
contaiming compounds in the thyroid fed were entirely used up 
in producing the systemic effects, and the iodine was subse- 
quently excreted. 


Effect of Thyroid Preparations of Different Age. 


The very similar effects produced by the 9 vear old Merck, 
and the recently prepared hog thyroid preparation (Armour) indi- 
eate that age has no deteriorating effect on carefully prepared 
desiccated thyroid. Hoskins has already shown that desiccated 
and fresh glands produce the same results, in confirmation of the 
observations of previous workers on other thyroid effects. 


SUMMARY. 


The chief results deseribed in this paper are: 

1. Continued small doses of desiccated thyroid gland fed to 
young white rats produce (a) a definite and invariable decrease in 
growth rate; (b) hypertrophy of the organs concerned with 
increased metabolism—heart, liver, kidneys, adrenals, ete. (con- 
firmatory of Hoskins and Herring); (¢) disappearance of fat 
(confirmatory of Hoskins and Herring). 

2. The decrease in rate of growth is proportional to (a) the 
amount of thyroid fed and (>) the 1odine content of the thyroid 
fed. 

3. The hypertrophy varies with dose and length of application 
of dose, and appears to be proportional to the iodine content of 
the dose. 

4. Sodium iodide fed in quantities varving from amounts 
equal in iodine content to the thyroid doses to amounts 100 
times as great produces no effect on growth rate, and no hyper- 
trophy. 

5. The effects produced are not due to protein feeding, autolysis 
products, or any similar cause, but specifically to thyroid tissue, 
or some constituent of it. 

6. Both thyroid and iodide feeding increase the colloid in the 
thyroid (confirmatory of Fordyce, and of Kojima). Thyroid 
feeding inhibits the growth rate of the thyroid (confirmatory of 
Herring). Iodide does not produce this effect. 
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7. Sunilar effects from thyroid feeding on growth rate and 
organ hypertrophy were obtained with rabbits. 

Since of numerous tissues tested only thyroid produces a 
definite effect (Hoskins) and since iodide does not produce this 
effect, we suggest that decreased growth rate, organ hypertrophy 
(especially of the liver, heart, kidnevs, and adrenals), and rela- 
tively decreased thyroid can be used as discriminatory tests for 
preparations alleged to be the essential thvroid secretion. 


We desire to acknowledge our indebtedness to Professor Swale 
Vincent for the interest that he has taken in this work, and for 
the valuable suggestions that he has made to us in the course 
of it. 
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RELATIONSHIP BETWEEN THE PLASMA BICARBONATE 
AND URINARY ACIDITY FOLLOWING THE ADMIN- 
ISTRATION OF SODIUM BICARBONATE. 


By WALTER W. PALMER, HARALD SALVESEN, ann HENRY 
JACKSON, Jr. 
(From the Medical Service of the Presbyterian Hospital, New Yorl:, and the 
Chemical Division of the Medical Clinic, the Johns Hopkins Uni- 
versity and Hospital, Baltimore.) 


(Received for publication, October 9, 1920.) 


Palmer and Van Slyke (1) have shown that the urine of normal 
men approaches the alkalinity of the blood (pH = 7.4) when 
the plasma bicarbonate COQ, exceeds 71 + 5 volumes per cent, 
while the urines of many pathological cases, particularly cases 
with a high grade of renal disease and diabetes mellitus, do not 
approach the alkalinity of the blood until a higher plasma biesr- 
bonate than in normal individuals has been reached. In certain 
instances the level of blood bicarbonate was well within the 
range where tetany is known to occur, Attention was called to 
the danger of using the urine reaction, pH = 7.4, as a safe eri- 
terion in the therapeutic use of sodium bicarbonate, but prefer- 
ably in view of the evidence then available. to control alkali 
therapy by frequent determinations of the plasma bicarbonate. 
It was suggested that a more acid reaction of the urine than 
pH = 7.4, for instance a pH of 7.0, might be emploved with 
advantage to control clinically the use of sodium bicarbonate in 
pathological cases. Furthermore, it was shown that sodium 
bicarbonate administered by mouth is readily absorbed and 
distributed in approximate uniformity to the body fluids in gen- 
eral as well as to the blood. ‘The effect of a given amount of 
sodium bicarbonate, g, on the volume per cent of CQO, of plastna 


bicarbonate, b, may be estimated from the formula, > 
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when W is the weight of the individual in kilos.!. Estimation in 
this manner of the amount of sodium bicarbonate necessary to 
replenish the depleted alkali reserve as shown by plasma bicar- 
bonate CQO, determinations serve a useful purpose in clinical 
practice. 

In view of the importance of the use of sodium bicarbonate in 
combating severe grades of acidosis, more especially in diabetes 
mellitus, nutritional diseases of children, and methyl alcohol 
poisoning, further observations have been made in the hope of 
extending the clinical applicability and reliability of the urinary 
reaction in controlling the administration of alkal. Although 
the reaction pH = 7.4 of the urine elaborated by kidneys, whose 
function of regulating the acid-base equilibrium of the body is 
impaired, is an insufticient, indeed, may be an unsafe indication 
that the proper amount of alkal has been given to restore the 
level of plasma bicarbonate to within normal limits, it was thought 
possible that the first significant effect of alkali administration on 
the urinary reaction (pH) might be employed as a safe clinical 
guide. That our expectations in this respect were justified is 
apparent from the following results. 


EXPERIMENTAL, 


Sodium bicarbonate in 2 gm. amounts in 100 ec. of water was 
given by mouth every 4 hour to subjects in whom the initial 
plasma bicarbonate revealed no severe grade of acidosis; that is, 
not less than 50 volumes per cent. In cases with a moderately 
severe acidosis (a plasma bicarbonate between 40 and 50 volumes 


The calculation in terms of plasma CQ» is made as follows: 1 gm. of 
NaHCO, contains 267 ec. of CO. measured at 0°, 760 mm. If the body 
fluids are estimated at 700 ec. for each kilo of body weight, then the dis- 
tribution of 1 gm. of bicarbonate among them would raise the CO, content 


267 38 
in ec. per 100 ec. of fluid by a = cc., W representing the body weight 


in kilos. If g gm. of sodium bicarbonate were taken into the fluids, the 


rise in volume per cent of CO, would be VW Conversely, the amount of 


bicarbonate necessary to raise the CO, by b volume per cent would be 
ence the formula b = 
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per cent), the individual doses of sodium bicarbonate were 
increased to 5 gm. each and when a more marked reduction of the 
alkah reserve (below 40 volumes per cent) was found, the dose 
was Increased to 10 gm. It beeame desirable, especially in cases 
with severe acidosis, to give the bicarbonate every hour instead 
of every 4 hour. The hydrogen ion concentration of the urine 
was estimated immediately before the administration of each 
dose of alkalt. Blood bicarbonate determinations were made 
before the sodium bicarbonate was given, and again at the point 
when the first significant depression of the urinary acidity was 
observed. It has been shown repeatedly in cases where a distinet 
acidosis exists and without alkali administration that, during the 
short interval of time of the experiments here reported, the reac- 
tion of the urine remains quite stationary. lor this reason, ‘‘the 
first significant depression of the urinary acidity” was considered 
as a change corresponding to one interval in the seale of standard 
solutions used for the hydrogen ion concentration determinations, 
The standard solutions employed represented a pH of 7.4, 7.0, 
6.9, 6.3, 6.0, 5.7, 5.3, 5.0, and 4.7, respectively. 

The pH of the urine was determined by the colorimetric method 
described by Palmer and Henderson (2) with the exception that 
for pH values between 7.4 and 6.3 phenolsulfonephthalein was 
used; between 6.3 and 4.7 methyl red. A further slight modi- 
fication was emploved. Instead of introducing 10 ec. of urine 
into Florence flasks, 1 ec. of urine was pipetted into test-tubes 
(25 & 200 mm.) of clear glass and diluted to 25 ec. with distilled 
water. Under these conditions 10 drops of 0.04 per cent phenol- 
sulphonephthalein and 10 drops of a saturated solution of methy! 
red produce a satisfactory color for purposes of comparison. 
Plasma bicarbonate estimations were made by the method 
described by Van Slyke and Cullen (3). 

We have arranged our results in Table I in order of the grams 
per kilo necessary to produce a significant change in the pH of 
the urine. In Experiments 7, 19, and 27, before any significant 
change in the pH of the urine took place, the patients became 
nauseated, hence the experiments were discontinued. 
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DISCUSSION. 


The results in Table I clearly demonstrate the reliability” of 
emploving the early effect of alkali administration on the pH of 
the urine as an indication of the restoration of the bicarbonate 
level of the blood plasma to within normal limits. A variety of 
pathological cases, particularly the clinical conditions known to 
have impaired renal function and diminished alkali reserve, were 
studied. lor the thirty-three cases the average plasma bicar- 
bonate CO. at which an appreciable depression of the acidity of 
the urine oecurs is 68.7 volumes per cent, «a value well within 
normal limits. The average change in the pH was 0.97. Dis- 
regarding for the moment Case 33 and Cases 19 and 27 which were 
discontinued on account of nausea, the maximum plasma biear- 
bonate CO, at which depression of urinary acidity occurs 1s 
78.8 volumes per cent in Case 15, while the minimum plasma 
bicarbonate CO, value is 60.0 volumes per cent in Case 17, a 
variation of approximately +-10 volumes per cent. It should 
be explained that in Case 33 large amounts of alkali were given 
in a relatively short time. Although the plasma bicarbonate 
CQ, reached the high level of 81.5 volumes per cent the kidneys 
were excreting a urine the reaction of which was the same as that 
at the beginning of the experiment. Later, however, the urine 
became very alkaline, pH = 8.2.) Similar phenomena have been 
observed in patients not reported in this paper. The evidence as 
far as it exists suggests that, in severe acidosis in diabetes mellitus, 
there is a disturbance of the acid-base regulatory mechanism of 
the kidneys. This disturbance of renal function appears to be 
temporary, and does not prevent the use of the pH as an index of 
sufficient alkali administration. In Cases 31 and 382, diabetes 
mellitus with severe acidosis, in which the alkali was given more 
slowly the plasma bicarbonate CO. was 61.4 and 74.2 volumes 
per cent, levels not to be considered dangerous. A safe manner 
of administration in instances of severe diabetic acidosis appears 
to be at the rate of not more than 10 gm. of sodium bicarbonate 
per hour if given by mouth. In the more severe grades of acidosis 
occurring in diabetes mellitus, the administration of large amounts 
of sodium bicarbonate by mouth may be unwise. Theregulation 
of the diet in many instances may be sufficient to control the 
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situation. Where there is impending coma (plasma bicarbonate 
CO, below 30 volumes per cent) the introduction of sodium 
bicarbonate (25 gm. in 5 per cent solution) intravenously is 
desirable. Additional alkali may be given by mouth but should 
be discontinued at the first complaint of nausea, 

In clinical practise the series of standard pH solutions may be 
eliminated. With the suitable indicators available, the urine 
obtained before the xdministration of alkali may be reserved as a 
guide to the degree of depression of the urinary acidity on sub- 
sequent observations. Such a procedure is reliable only if the 
physician is familiar with the use of the standard solution series. 

The quantative relationships between the alkali retained in 
the pathological cases and the degree of acidosis is discussed by 
Palmer and Van Slyke (1). Since the rise in volume per cent of 
plasma bicarbonate CO, caused by absorption of g gm. of sodium 


bicarbonate is approximately it should be possible to esti- 


Ww 
mate the original plasma bicarbonate CO, in volumes per cent as 
follows, 68.7 — Wn The level of the plasma bicarbonate CO, 


at which the urinary pH shows its first depression is 68.7 + 10 
volumes per cent. The + 10 volumes per cent variation, there- 
fore, excludes the use of the above method for estimating very 
accurately the initial plasma bicarbonate or the degree of acidosis 
from the amount of sodium bicarbonate given to produce an 
effect on the pH of the urine. 

There is no constant relationship between the degree of injury 
to the renal function and the level of plasma bicarbonate CO, 
at which the first effect on the pH of the urine occurs following 
alkali administration. We have assembled the cases of nephritis, 
(1) in order of the severity of renal damage as shown by the 
phenolsulfonephthalein excretion and (2) in order of the magni- 
tude of the blood urea, comparing the level of plasma bicarbonate 
CO, at which the urine showed the first effect of the alkali, as 
shown in Table I. 

rom the facts available there appears to be little or no paral- 
lelism between either the phenolsulfonephthalein excretion or 
the blood urea increase and the plasma bicarbonate CO, level at 
Whieh the urinary acidity is deereased. Much more data are 
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necessary before a definite statement regarding the relationship 
of these renal functions can be made. In further study of this 
phase of the subject it would be necessary to separate the cases 
of nephritis into groups from the standpoint of the effect of 
disease on the several acid factors described by Palmer and 
Henderson (4). The acid factors in question were not deter- 
mined in our cases, 


TABLE II. 


Experiment | Combined | Experiment | 

No. | exeretion | No. | Blood urea. | plasma after 

| per cent vol. per cent | | per cent vol. per cent 
47 16 0.26 69.0 
ae 46 a 4 | 0.30 66.9 
38 11 | 0.32 61.4 
23 | 16 Si sa 5 | 0.40 61.0 
25 10 23 0.62 72.4 
| 25 0.68 66.9 
16 5 4 30 0.92 68.1 
0 0 29 0.95 67.2 
26 0 ee ee 28 0.97 67.8 
2 | 0 | we | 26 2.54 70.0 


Our observations afford further confirmation of the validity 


3 
and usefulness of the formula b = td in alkali therapy. In two 


instances, Cases 23 and 33, there occur rather wide variations 
(13.8 and 13.3 volumes per cent, respectively) between the cal- 
culated and observed increase in the plasma bicarbonate CQ. 
The explanation for the discrepancy in Case 33 is not unlikely to 
be found in the incomplete absorption and distribution of the 
sodium bicarbonate among the body fluids resulting from too 
rapid administration. In Case 23 the large difference between 
the ealeulated and observed CO, is not clear. In the other 
cases the theoretical and actual increases in plasma bicarbonate 
CO, correspond with previous observations and are well within 
the limits of error for the experimental conditions. 
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SUMMARY. 


1. In normal and pathological cases, following the administra- 
tion of sodium bicarbonate, the plasma bicarbonate CO, ap- 
proaches 68.7 + 10 volumes per cent at the time the first depress- 
ing effect of the alkali on the urinary acidity is noted. The use 
of the first significant effect on the pH of the urine, therefore, in 
controlling the therapeutic use of sodium bicarbonate is safe 
and reliable. 

2. Although the pH of the urine serves as a safe guide to the 
control of the therapeutic use of sodium bicarbonate, the incon- 
stancy of the level of the plasma bicarbonate CO, at which a 
change in the pH of the urine occurs does not admit of estimat- 
ing with sufficient accuracy the degree of diminished alkali reserve 
to be of practical value. 

3. Confirmation of the observation of Palmer and Van Slyke 
that ‘“‘absorbed sodium bicarbonate is distributed in approximate 
uniformity. . . . to the blood” and “the effect of a given 
dose in raising the plasma bicarbonate may be calculated by 
assuming that the body contains 700 ce. of fluid per kilo and that 
the bicarbonate absorbed is distributed therein uniformly’ is 
afforded. 

4. The variability among the several levels of plasma bicar- 
bonate CO, at which a significant depression in the pH of the 
urine occurs In normal and pathological cases is probably explained 
by the varying degrees of injury to the acid-base regulatory fune- 
tions of the kidney. There appears to be no close relationship 
between this function and the ability of the kidney to excrete 
phenolsulfonephthalein or the blood urea. 
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DETERMINATION OF CHLORIDES IN BLOOD. 
By A. 8S. WETMORE. 


(From the Laboratory of the Medical Service of the Massachusetts General 
Hospital, Boston.) 


(Received for publication, October 13, 1920.) 


At the present time the methods for the quantitation of chlo- 
ride in the blood most generally used in clinical laboratories are 
those of Van Slyke and Donleavy (1), Rappleve (2), and Foster 
(3). Their methods give good results when properly performed. 
However, all of them are complicated by various pitfalls, inherent 
either in the method or in the collection of blood samples, which 
render the obtaining of accurate results, especially in the clinical 
laboratory, unduly difficult. For this reason a method has been 
devised which obviates these difficulties. It has the advantages 
that the same reagents are used for determination of chlorides 
in the whole blood and in the plasma. Furthermore, chlorides 
may be determined in blood samples collected for the analyses 
of the system of Folin and Wu, which is an indispensable part of 
the work of the clinical laboratory. 

The method proposed is based on the precipitation of proteim 
by copper hydroxide; on the precipitation of the oxalate and 
part, if not all, of the phosphate by an excess of calcium hydrox- 
ide; and on the titration of the chlorides by the procedure used 
by Rappleve. The copper hydroxide reagent emploved to pre- 
cipitate the protein has heen successfully used by Harding and 
Mason (4) for the blood. The filtrates obtained by this means 
remain clear after the addition of the tungstic acid reagent of 
Folin and Wu (5). 


Procedure. 


The sample of blood is collected in dry potassium oxalate. 
Dry svringes should be used, as small amounts of water intro- 
duce a source of error, especially when small amounts of blood are 
collected, 
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per cent copper sulfate solution, 
2. sodiam hvdroxide., 
3. (aleturn hydroxide pow der, ¢.P. 


| Standard silver nitrate Soition 


ey 


Nitric acid (eoncentrated Lou 
Distilled water to 000 
lL ec. of silver solution 25 me. of Nal 
lO per cent iron alum solution 
6. Potassium thioevanate solution: Make 1.6 gm. of potassium thio- 


evanate up to SOQ ce. aud determine its strength by titrat- 


the SEiVe rity ite <olution dilute tassium thio- 


CVAnATe solution until Vo ee. of it reaet with 5 ce. ot the standard silver 


migrate Sorition. the preceipitating rengent Contains traces of chlorides 


then correetion titist be applied foo the potussitim {| solution. 


Most of the chemically pure articles on the market are suffier nth pure to 


use without making eorreetions ee oof thioevanate solution 


Precipitation in the Plasma. 


In a ee. volumetric flask place 2 ce. of plasma accurately 
mensured, 15 ce. of water, 4 ce. of the copper sulfate solution, 
and 10 of O.1 N NaOH. Heat in boiling water for about 
minute. hKkeep the contents of the flask rotating while heating 
to insure complete precipitation of the proteimm. Cool the flask 
in running water and make up te 50 ce. mark. Shake thoroughly 
and filter through a chloride-tree filter paper. “To about 35 ce. 
of the filtrate add 0.5 em. of cabctum hydroxide powder and shake 


a few times, Allow tO stand | minute and filter. 


Precipitation Whol blood. 


In a 50 ec. volumetric flask place 2 ec. of whole blood accu- 
rately measured, 10 ce. of water, S ec. of the copper sulfate solu- 
tion, and 20 ee. of OL N NaOH. Heat in boiling water for about 
lanmute. Keep the contents of the flask rotating while heating 
to insure complete precipitation of the protein. Cool the flask 
in running water and make up to 50 ee. mark. Shake thoroughly 
and filter through a chloride-free filter paper. To about 35 ce. 
of the filtrate add 0.5 gm. of calcium hydroxide powder and shake 
afew times. Allow to stand | minute and filter. 
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Determination. 


To 25 ec. of the filtrate from either whole blood or plastia add 
5 ce. of the standard silver nitrate solution, 2 ec. of the tron 
lum solution, and stir until the silver chloride separates out. 
Vitrate the excess silver nitrate with the potassium thioevanate 
solution. ‘The first reddish tinge is the end-point. 

Subtract the number of ce. of potassium thioevanate used in 
the titration from 12.5; the difference will be the em. of NaC] 


per ce, ot whole blood or plasma. 


by the use of the method deseribed above, sodium chloride 
was recovered quantitatively after its addition to the precipitat- 
ing reagent. It was also quantitatively recovered after its addi- 


tion to whole blood or plasma, as is shown in Tables Tand Tf. 


TABLE II. 
Qiuantifative lig of Na€'l Added he Blood. 
Naf n whole 
No. of sample NaCl added, NaCl recovered. Theoretical value, 
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Results obtained by the method described check with those 
obtained by the Austin-Van Slvke method for whole blood, and 
the Van Slvke-Donleavy method for plasma, as is shown by 
Table IIT. 


TABLE III. 
Com parison of Results Obtained with Methods of Van Slyke and the Author. 


NaCl in whole blood. NaCl in plasma. 
Van Slyke-Austin Author. Van Slyke-Donleavy. Author. 
m gm. ym 
65 4.60 5.65 5.09 
£30 4.30 0.70 0.60 
t 60 4.509 
4.50 2.00 5.50 
60 4.50 2.9) 0.90 


To check further the accuracy of the method the chloride 
content of whole blood and plasma was determined by a modifi- 
eation of the Gutmann and Schlesinger method (6) devised by 
the author. The method is carried out in the following manner. 


In a small crucible place 1 ec. of the substance under examination and 
add 0.5 gm. of sodium earbonate dissolved in a sma!! amount of water. 
Evaporate to dryness on a water bath or in a hot air oven. ‘The destruc- 
tion of the organic matter is carried out slowly with a microburner. It is 
well at short intervals to allow the crucible to cool and add a few drops of 
distilled water to the residue; this he!ps to destroy the carbonized matter 
without excessive heating. When the organie matter is completely de- 
stroyed the crucible is transferred to a 200 ee. beaker and a small amount 
of hot distilled water added. Tothe contents of the beaker add nitrie acid 
until effervescence ceases. The crucible is held over the top of the beaker 
with a pair of tongs and washed thoroughly with distilled water. The con- 
tents ot the beaker are filtered throug! it ehloride-free filter Paper, the 
beaker and filter paper being washed several times with hot distilled water. 

To the filtrate add 5 ce. of the standard silver nitrate solution and 2 
ec. of the iron alum solution; stir until the silver chloride separates out. 
Titrate the excess silver nitrate with the potassium thiocyanate solution, 


The results obtained by the Gutmann and Schlesinger method 
and the method here described are shown in ‘Table TV. 

tesults obtained in plasma by the method deseribed check 
with those obtained by the use of the methods of Van Slyvyke- 
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Donleavy, and of Rappleve, provided the plasma samples are 


free from hemolysis. 


[In the presence of even a slight degree of 


hemolysis results obtained by the latter two methods are of 
questionable accuracy, since the values for the chlorides are 
often too great. Van Slivke states in connection with his method 
for whole blood that only a protein-free filtrate is to be used for 


determining the chloride content, as some component of the 


laked cells other than the chloride combines with some of the 


silver nitrate, making the results too high. The same may be 
said of the Van Slvke-Donleavy method for chlorides in the 


TABLE IV. 
Compartson of Results Obtained with Methods of Gutmann and Schlesinger 
and the Author. 


Whole blood. Plasma. 


(sutmann and Cjutmann and 


Schlesinger Author. Schlesinger. Author. 
gm. gm. gm. gn 
4.70 OO HO) 
t 4.00 6.00 05 


plasma when the latter is shehtly colored from hemolysis. Hemo- 
lyzed plasma does not affect the accuraey of the results obtained 
by the method here described. 

A method for the determination of chlorides in the blood has 
been devised by Harding and Mason (4) which is somewhat 
similar to the method here described. The chief objection to 
their method is the titration with potassium iodide, which in the 
author's experience is a more difheult procedure for the average 
clinical laboratory worker than is the titration with potassium 
thioevanate. 

The normal chloride threshold has been set by MeLean (7) 
at 5.62. By the author’s method normal plasmas have varied 
from 5.65 to 6.00. 

The method deseribed can be modified by using potassium 
thiocyanate, each ec. of which contains 0.5 mg. of sodium chlo- 
ride; however, the end-point is not so clear as when the stronger 
thioevanate is used. 
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VITAMINE STUDIES. 


VI. THE INFLUENCE OF DIET OF THE COW UPON THE NUTRI- 
TIVE AND ANTISCORBUTIC PROPERTIES OF COW’S MILK.* 


By R. ADAMS DUTCHER, C. H. ECKLES, C. D. DAHLE, S. W.MEAD, 
xp 0. G. SCHAEFER. 


Received for pubheation, October 21, 1920. 


During the winter of I9IS experiments were In progress, in this 
laboratory, In which guinea pigs were fed a basal diet of 20 ce. of 
sutoclaved milk and oats ad lihidum. The milk used in this study 
was obtained from the University dairy herd which had received a 
vrain mixture eonsisting of corn, barley, oats, middlings, bran, 
ind oilmeal. ‘The roughage consisted of silage and a poor erade 
of altalfa haw. The milk was fed to the guinea pigs with the view 
of supplementing the oat proteins and salts, and was autoclaved 
(to lower the antiscorbutic potency of the milk. It. was found 
that guinea pigs which reeeived the oats and autoclaved milk 
developed seurvy and died in the time usually expected on this 
ivpe of chet. 

However, during the spring months of 1919, it was observed 
fhat some of the animals which had been placed upon experiment 
late in the winter had ceased to lose in weight, scurvy symptoms 
were less pronounced, and the animals presented a much improved 
‘ivsicn! appearance. New groups of animals lived longer on the 
misal diet containing 20 ce. of autoclaved spring milk than animals 
receiving the same quantity of autoclaved winter milk. While 
scurvy developed in the new groups of animals during the spring, 
the symptoms were less severe and many of the animals actually 


* Published with the approval of the Direetor as Paper No, 220, Journal 
series, Minnesota Agricultural Experiment Station. 
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gained in weight when a loss of weight and death would have 
been expected. | 

Inquiry revealed the fact that the University herd had been 
turned out to spring pasture about 10 days before we had begun 
to notice the improved condition of the experimental animals just 
described. In view of the fact that the antiscorbutic vitamine is 
supposed to be very susceptible to heat, we postulated at the time! 
that the improved nutritive properties of the milk were due, in all 
probability, to an increased amount of the fat-soluble vitamine in 
the milk; the last mentioned vitamine having shown greater sta- 
bility toward heat than either the antineuritic or antiscorbutie 
vitamines. Consequently, experiments were immediately initi- 
ated using 20 and 30 ee. of whole and skimmed raw summer milk. 
It was found that 20 and 30 ec. of summer milk protected guinea 
pigs from scurvy for 90 to 100 days when other investigators had 
often failed to obtain protection with much larger quantities of 
milk. We were convinced, therefore, that the disagreements 
which had existed in previous studies, where milk had been fed 
as the antiscorbutic material, could be explained upon dietary 
grounds and that the vitamine content of milk is dependent upon 
the vitamine content of the diet of the lactating animal. 

Similar suggestions had already been made by other investi- 
gators, but in the majority of cases these suggestions had not 
been based upon experimental evidence. Previous to our an- 
nouncement,' it had been observed that the antineuritic vitamuine 
in human milk is dependent upon the diet of the nursing mother. 
MeCollum and coworkers,’ experimenting with rats, carne to the 
same conclusion. The last mentioned experiments, while un- 
doubtedly correctly interpreted, appear somewhat lacking in eon- 
crete proof, due to the fact that it was not possible to determine 
whether or not the milk flow of the experimental mother rats was 
sufficient for the dietary needs of the young. Obviously, experi- 
ments which involve the use of dairy eattle are much to be pre- 
ferred, in this regard, for although milk production may fall (as 


1 Dutcher, R. A., Pierson, E. M.. and Biester, A., Science, 1919, 1, 184. 

2 Andrew, V. L., Philippine J. Se., Section B, 1912, vii, 67. 

’>MeCollum, E. V., Simmonds, N., and Pitz, W., J. Biol. Chem., 1916, 
xxvii, 33. MeCollum, E. V., and Simmonds, N., Am. J. Physiol., 1918, 
xlvi, 275. 
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it did in the study desernbed in this paper) the amount of milk 
obtained is amply sufficient for feeding in any desired quantity. 
It is also evident that results obtained by the use of dairy cows 
should also be of much more practical significance. Osborne and 
Mendel describe experiments! in which they were unable to find 
that summer milk was superior to winter milk as far as the amount 
of water-soluble (B) vitamine is concerned. It has been pointed 
out® that the average winter ration Is undoubtedly fairly adequate 
with regard to this vitamine due to its general distribution in the 
grains and also due to the facet that it does not seem to be injured 
appreciably during the drying and curing process. ‘Chere is reason 
to believe, however, that if rations are fed which are sufficiently 
poor in this vitamine, the milk will also prove to be equally 
deficient. 

During the same month (August) that we announced our ob- 
servations regarding the nutritive superiority of summer milk, 
Barnes and Hume® reported that they had also noted a seasonal 
Variation in the antisecorbutic properties of cow's milk. 

In order that we might obtain more conclusive experimental 
evidence concerning the influence of diet upon the vitamine con- 
tent of milk, we have fed vitamine-poor and vitamine-rich rations 
to dairy cows and the milk obtained from these animals has been 
subjected to investigation by means of laboratory animals. We 
have ineluded in this study a biological investigation of the fat- 
soluble, the water-soluble (B), and antiseorbutic vitamines. = In 
this paper we shall describe our experiments with regard to the 
antiscorbutic properties of milk produced under conditions of low 
and high vitamine feeding. In a later paper we shall submit 
data to show that the fat-soluble vitamine is markedly influenced 
by the diet of the cow, while the same is true for the water-soluble 
vitamine but to a lesser degree. 

While our experiments were under way Hart, Steenbock, and 
Illis? published the results of their studies of the same problem. 
These authors had an unusual opportunity to study this phase of 
nutrition inasmuch as there was available, at the University of 


4Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1920, xh, 515. 
Hart, KE. B., Steenboek, H., and Ellis, N. R., J. Biol. Chem., 1920, 
383. 
6 Barnes, R. FE... and Hume, E. M., Lancet, 1919, 1, 525. 
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Wisconsin, a herd of eighteen dairy cows all of which bad been 
“kept vear after vear on air-dried roughages and erains.” Tt was 
found that the milk obtained from this herd was much Interior, 
In antiscorbutic properties, to summer milk trom oth 
cows in the University herd. 

The experiments described in this paper differ from the Wis- 
consin study inasmuch as the milk was di rived from the same cows 
throuaho thie theredy claminaty any possibli (pile 
of ditlere In fron ce We have attempted, 
also, to obtain information regarding the length of time required 
lor the vitamine-poor and vitamine-rich rations to produce an 
efiect the nutritive Properties © tte rath, his has been 
done adding new Ob Digs from: time to time as the 
experiment progressed, 


EAPERIMENTAL, 


The Cows. —Two cows (a Jersey and «a Holstein) were fed a 
Vitamine-poor ration for a period of 43 months January 17th, 
1920, to June Ist). From June Ist to October Ist (4 months) 
they received the same grain ration and were given constant access 
to pasture grass. “The Jersey and Holstein breeds were chosen on 
account of the fact that the former produces a milk with a high 
percentage of butter fat, while the Holstein milk is characterized 
by a relatively low content of butter fat. Py mixing these milks 
It was thought that the resulting mixture would be fairly repre- 
sentative of average herd milk in chemical composition. Both 
of these animals had ealved during the latter part of December, 
and were placed upon the vitamine-poor ration on the t7th day 
of the following month. The cows were milked morning and 
evening and samples of the mixed milk for the 24 hours were taken 
for the feeding experiments. 

The Ration.—The constituents of the vitamine-poor ration were 
selected to satisfy the nutrient requirements of the animals and at 
the same time maintain a low supply of the fat-soluble and anti- 
scorbutic vitamines. 

The supply of the water-soluble (B) vitamine was kept as low 


as was practicable without going outside of the list of ordinary 
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eattle feeds, bv the use of gluten feed (as a high protein feed), 
wheat middlings, and straw. The animals received what they 
would consume of a roughage consisting of equal parts of chopped 
timothy hay and oat straw. The grain rations consisted of equal 
parts of wheat middlings, gluten feed, ground oats, and ground 
barley, The ration was adjusted, in quantity, tO satisty the 
requirements ot the animals, according Armsbv's feeding stand- 
ard. While this ration is undoubtedly poor in the fat-soluble 
and antiscorbutie vitarmmines, on the whole, tt is a better ration than 
is often fed on many farms during the winter months, and a fair 
low of milk was obtaimed during the period that it was fed. 


Records were kept of feed constuned and of mulk produced, 


while fat tests were made at regular intervals throughout the ex- 
periment. On June Ist the cows were changed abruptly to pas- 
ture, while the feeding of the samme grain ration was continued but 
in stnaller amounts. 

The Guinea Pigs.—Healthy, normal guinea pigs were used in 
all the feeding experiments. Most of the guinea pigs weighed 
between 200 and 500 em.:; onlv in a few eases did we use animals 


weighing as much as 400 @m. All the experimental groups con- 


tained aft least three (and often four) guimea pigs which were 
chosen with regard ia) body welt, leach ‘ontamed One 
heavy annnal, one light animal, and one or two wiiueh fell between 
these two extremes. This method placed all the groups of ant- 
mals on a comparative basis, in case the size of the animal should 
become an influencing factor in the development of seurvy. 
Mach animal was confined tin a cage by itself and the cages were 
cleaned twice each week and washed with hot water. The eages 
were spraved with a cresol preparation at each cleaning period, 

eed ried. The guines pigs were allowed all the oats that thev 
would eat. The miik, which was fed in varving amounts, was 
fed twice daily in clean porcelain dishes, which were introduced at 
each feeding. The animals were under observation at all times 
and weighings were made every 5 days until scurvv symptoms 
appeared, and at 3 day intervals thereafter. 

We have described the svimptomatology and postmortem 
appearances In guinea pig scurvy in a previous publication.’ 


7 Dutcher, R. A., Pierson, E. M., and Biester, A., J. Biol. Chem., 1920, 
xlii, 30] 
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On February Ist (2 weeks after the cows had been placed on the 
Vitamine-poor diet), five groups of guinea pigs (totaling twenty 
animals) were placed upon experiment. The quantities of milk 
fed to the respective groups were as follows: 30, 40, 50, 70, and 
SO 

On March Ist (1 month later), a second series of animals was 
placed upon the oats ancl winter milk diet in order to ascertain, 
if possible, whether or not the milk was becoming poorer in nutri- 
tive properties as the experiment progressed. ‘This series con- 
sisted of five groups of guinen pigs (totaling fifteen animals). 
These groups received the following amounts of milk respectively: 
20, 30, 40, 50, and 60 ce. 

The third series of guinen pigs was started on April Ist (2 months 
later). This series was also made up of five groups of three ani- 
mals each (totaling fifteen animals). These groups were not fed 
the larger quantities of milk on account of the short time remain- 
ing before the cows were to be turned out to pasture. The 
amounts of milk fed to the respective groups in this series were as 
follows: 


Group 2D ee. Jersey 


ot) ae ae 


3, 20 * Holstein “ 
5. 30 “ mixed 


The Jersey and Holstein milks were fed separately at this 
point to determine whether or not breed differences existed with 
regard to the nutritive properties of winter milk. 


Period 2. The Vitamine-Rich Period. 


On June Ist the cows were changed abruptly to pasture and the 
erain ration was continued. Three groups of guinea pigs (four 
pigs to the group) were placed upon experiment on June Ist, 
the day that the cows were given access to grass. These groups 
were fed 20, 30, and 40 cc. respectively of the mixed summer milk. 
2 months Jater (August Ist) three additional groups of guinea pigs 
were added. These also received 20, 30, and 40 ec. of milk per 
animal in the respective groups. Observations and weighing 
were made as in Period 1. 
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DISCUSSION, 


examination of the data concerning the groups of guinea pigs 
receiving 20 ce. of milk (Chart 1) shows quite graphically the 
superiority of the summer milk over that produced in the winter 
on the vitamine-poor ration. In the remainder of this paper we 
to ditter- 
entiate the milk produced on the vitamine-poor and vitamine- 
rich rations. All the animals (Nos. 120, 121, and 122) which 
were placed on the winter nulk on March Ist died within 10 weeks 


? 


shall use the terms “‘winter milk’ and ‘‘summer milk’ 


with marked evidence of scurvy. (S = first seurvy symptoms 
observed.) Two of the animals (Nos. 135 and 136) which were 
started on April Ist died with scurvy, while No. 137 lived on into 
Period 2 and responded to the summer milk almost immediately. 
Animals 135, 136, and 137 were ted Jersev milk, while Animals 141, 
142, and 143 were fed Holstein milk. All the other animals in 
Chart 1 were fed mixed milk. No breed differences are apparent 
in these two groups. It should be noted that Animals 137 and 
142 (which showed improvement after beginning the summer 
milk) had shown pronounced scurvy svmptoms in Period 1, and 
when autopsied on the Ist of August no pronounced scurvy symp- 
toms or lesions could be observed. 

20 ce. of summer milk protected Animals 200, 201, and 203 for 
periods of 16, 4, and 8 weeks respectively, while of the four animals 
which were placed on summer milk in August (Nos. 260, 261, 
262, and 263) three remained healthy and normal throughout 
the 8 weeks that they were on experiment. 

Much to our surprise the first groups of animals (Nos. 105, 104, 
and 105), which received 30 ee. of winter milk (Chart 2), did not 
die or fall off in body weight although mild scurvy symptoms devel- 
oped. However, Animals 1238, 124, and 125 developed scurvy 
and died. No outstanding difference can be noted in the group 
receiving Jersey milk (Nos. 147, 148, and 149) and those receiving 
the same quantity of Holstein milk (Nos. 144, 145, and 146). 
Nos. 139 and 145 responded very soon (2 weeks) when changed to 
summer milk. Animals 204, 205, 206, and 207 which were 
started on summer milk on June Ist remained in excellent condi- 
tion and did not develop scurvy throughout the 16 weeks feeding 
period, and the same holds true for Animals 264, 265, and 267 
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FEB MAD APR MAY YUNE Juty SEPT OcrT. 


Period One  Beriod Two 
| Guinae LS fed Carts ad igs ‘ed Qats ad. 
and 20¢¢. af milk \libtutn and 20cc.of th 
Tram Cowd reteiving.a vita \from cows receiving a vita 
300 
220 
300 + - + + 
| — 
250 
: 2 00, 
‘Lee! + + + 
200 
3590 
3900 
250 
ole) + + 
400 
350 
300 
250 
200 


CHarr 1. Showing the superiority of 20 ec. of summer milk over the 


same quantity of winter milk. 
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FEB MAR APR May YUNE JULY AUG. SFOT Ccr 
Period One Two 


Guiqea fed Cats = Pigs Ted oars ad 


wier 


4 
fey ; 
+ 


CHarr 2. The group which was placed upon experiment in February 
grew well on 30 cc. of milk. 1 month later the milk had become so poor 
that all the animals died. 2 months later the milk was of such poor quality 
that six of the nine experimental animais died. Those which survived 
improved in physical appearanee and showed fair growth when 30 ec. of 
summer milk were fed. All the animals receiving 30 ec. of summer milk 
grew well and no scurvy symptoms developed. 
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which were started on summer milk on August Ist. The supe- 
riority of the summer milk is quite evident from the curves of the 
last mentioned groups. 

The anmals which received 40 ec. of milk reacted in practically 
the same manner as the 50 cc. groups (see Chart 3). Those which 
received winter milk beginning February Ist grew well and did 
not develop scurvy. This might be explained upon the assump- 


FEB MAR. APR. MAY JULY AUVU6. SEPT Ocr 


Period One . |... Period Two 
Guinea piga fed oats ad Guinea pigs fed oats. ad. | 
Jibitum and 40t¢c.of milk \zbitum and 40CC.of milk | 


from Gows receryving awila \from cows, regemng vita 


- poor adier 


1 


CHarr 5. All animals placed on experiment in February lived and grew 
well, 1 month later the winter milk was of such poor quality that all the 
animals died. All the animals receiving 40 ec. of summer milk grew well 
and did not develop seurvy svmptoms. 


tion that the cow and the guinea pig, together, stored sufficient 
Vitamines to carry the guinea pigs over the winter period. The 
fact that the March and April groups did not do so well probably 
lies in the fact that the nulk was becoming progressively poorer in 
vitamines, and after the supply stored by the guinea pig was 
exhausted the deficiency disease developed. The groups receiv- 
ing 40 ec. of summer milk grew well and did not develop scurvy. 
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No. 208 died suddenly during September having developed no 
scurvy symptoms. The cause of death is unknown. 

The February groups of guinea pigs receiving 50 ce. of milk 
grew well and did not develop seurvy (see Chart 4). Animal E10 


FEB MAAR APR. MAY AUG. SEPT OCT 


Pertod One | Period Two 
Guinea pigs fed cats ad Guinea, pigs fad Qats.aa 


Libtitum =Aand $0 of milk \ubiteum and $0 milk 
fron Gows receiving.a from cows, receiwing .a vita- 


cram Poor  |mine- rich drer 


Cuarr 4. 50 ee. of winter milk did not protect the animals against 
the development of seurvy and all the animals died with the exception of 


the group which was placed on diet before sufficient time had elapsed for 
the milk to become poor. 


was killed on June Ist and was found to be in excellent physical 
condition. The group which was started March Ist (1 month 
Inter) developed seurvy and died. Animal 131 did not respond 
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‘FEB MAR. APR. MAY JUNE JULY Avo. S#PT Ocr 


Period One FPeriad Twa 
Guinea bigs, fed. cals ad Guinea, pigs fed oars.ad. 
and 60 66..0f 60 ¢c.of 
from coms receiving a. vila- | fram sow $ vita-. 
ram, Noor, - rich diet 


Carrs. All guinea pigs receiving 60 ec. of winter milk developed scurvy 
‘a and two of the animals died. After 2 months on a diet of 60 ce. ofsummer 


milk no scurvy symptoms could be deteeted in the animal which survived 
the winter period, although scurvy svmptoms had been very pronounced 
in the winter months, 
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to the summer milk and died with very pronounced scurvy lesions. 
Chart 5 shows that 60 ec. of the “late” winter milk did not pro- 
tect the animals against the development of seurvy. The seurvy 
symptoms (swollen joints) disappeared, in the case of No. 134 
after 60 cc. of winter milk were replaced by 60 cc. of summer milk. 

None of the groups receiving 70 cc. of winter milk (Chart 4 
beginning the Ist of February, developed setrvy. The same mav 
be said for the SO ce. group (Chart 5) with the exception of Anima! 
110 which did not take the full amount of milk at the beginning 
of the feeding period. 

When the charts are compared as a whole, it is evident that 20 
ec. of summer nulk were superior in nutritive value and in anti- 
scorbutie potency to 60 ce. of winter milk. A study of the winter 
milk groups seems to show that the milk does not become poor 
rapidly; in fact, if is not until the 5th to the Sth week that the 
effect of the diet becomes manifest in the growth eurves and 
physical condition of the experimental animals. On the other 
hand, it seems equally certain that the effeet of the vitamine-rich 
ration is noticeable within 2 weeks after the cows were turned out 
to pasture. This is rather to be expeeted for it is but natural 
that the mother will draw upon the vitamines stored in her tissues 
In order to protect the offspring, even to the sacrifice of her own 
physical well being. Nor is it surprising to find that the milk 
becomes rich in vitamines almost immediately upon the ingestion 
of a vitamine-rich diet. 


SUMMARY AND CONCLUSIONS. 


Two cows, a Jersey and a Holstein, were placed tpon a vitamine- 
poor ration in the middle of January. Mixed milk was fed in 
varving quantities to several groups of guinen pigs, new groups of 
guinea pigs being added from time to time as the experiment pro- 
vressed. Beginning June Ist the cows were given a vitamine-rich 
ration and the former experiment was repeated. From the data 
obtained it was coneluded that the vitamine content of cow's 
milk is dependent upon the vitamine content of the ration ingested 
by the cow. 20 cc. of summer milk were superior in nutritive 
vilue and in antiscorbutic potency to 60 cc. of winter milk. It 
was found that there is a tendency for the milk to become poor 
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slowly, when the diet of the cow is low in vitamines, while the 
milk becomes of higher nutritive value almost immediately upon 
the ingestion of a vitamine-rich ration. In other words, there 
seems to be a tendency for milk to become poor slowly and rich 
rapidly as far as the vitamines are concerned. 


In conclusion, the writers wish to acknowledge the assistance 
of Mr. D. Bessessen in performing a number of the autopsies 
recorded in this paper. 
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ABSORPTION AND ELIMINATION OF MANGANESE 
INGESTED AS OXIDES AND SILICATES. 


By CLARENCE k. REIMAN anp ANNIE S. MINOT. 


(From the Laboratory of Applied Physiology, Harvard Medical School, 


Boston.) 
(Reeeived for publication, October 2s, 1920.) 


In 1919 Edsall, Wilbur, and Drinker (1) reviewed the older 
literature and described cases of manganese poisoning in the 
United States, occurring among mill emplovees who were work- 
ing in a dust containing manganese as oxides and silicates. ‘They 
point out that the chief portals of entry for the dust are the eastro- 
intestinal tract and the lungs. Up to the present time, owing to 
lack of reliable methods of analvsis, these clinical findings have 
never been supplemented by adequate analytical data on the 
manganese content of blood, tissues, or exereta. With the devel- 
opment of the method for detection and quantitation of minute 
amounts of manganese in biological material, published recently 
from this laboratory (2), the following experiments were carried 
out to study the absorption, distribution, and excretion of ingested 
manganese in the form of oxides and silicates. 


Solubility tn Gastrie Juice. 


The extent to which swallowing a manganese-containing ore 
involves a possible risk depends primarily upon its solubility in 
the gastric juice. This point was tested with franklinite, rho- 
denite, and manganese dioxide, representative manganese ores.! 


' Tranklinite is a mixed oxide of manganese, iron, and zine. Analysis 
of the spec'men used by us shows manganese 9.49, zine 14.53, iron 27.87, 
calcium oxide 10.74, magnesium oxide, 1.07, silicon dioxide 5.79, and ear- 
bon dioxide 8.30 per cent. Rhodenite when pure is manganese silicate. 
in the sample employed calcite was the chief impurity and the ore con- 
tained 24 per cent of manganese as silicate. Chemically pure manganese 
dioxide containing 48 per cent of manganese was used. 
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1 em. of the various ores, ground to 200 mesh, was incubated for 
different leneths of time in 50 ce. of fasting stomach contents 
obtained in the usual manner from hospital patients. In one 
ease, in order to approach more nearly to normal conditions, 
C. K. D. took 8 gm. of franklinite with a test meal whieh was 
removed and the stomach washed after 80 minutes. Filtration 
and analysis were done without incubation. The complete 
removal of the finely divided dust from oa water suspension by 
filtration proved difficult. The filter finally used was repeatedly 
proved to be efficient and consisted of an alundum thimble which 
had been previously dipped collodion and dried. ‘This was 
encased im oa brass chamber and filtration carried out under 
about 60 pounds pressure. 

A few typical figures for solubilities found are as follows: 14.15 
me. of manganese dissolved after 96 hours at 37°C. in juice with 


5.56 me. of manganese dissolved after 22 


total acidity of 7 
hours at 37°C. in juice with total acidity of 40; 1.10 me. of man- 
eanese dissolved, in case of test meal (C. kt. D.), in contents with 
total acidity of 21.) Unquestionably the ores tested are soluble 
in gastric juice to an extent depending upon the acidity and dura- 
tion of contact, but sufficient under normal conditions so that 
workmen who continually swallow small amounts of such ore 
dusts must continually furnish dissolved manganese for absorp- 
tion into the blood stream. 

Since the various ores showed practically the same solubility, 


franklinite was used in most of our feeding experiments. 


ffeet of Tngested Manganese (Dire Manga é Ne ( ond vif of 
Blood. 


We were fortunate in being able to obtain blood specimens 
from emplovees of the New Jersey Zine Company at Franklin, New 
Jersev Before the installation of the present dust removal sys- 
tems and methods of periodieal physical examination of employ- 
ees, several cases of manganese poisoning had occurred at this 
plant. ‘The blood samples were taken by one of us, choosing as 
subjects some of the men who had been in the employ of the 


2This company very kindly further cooperated with us by supplying 
and preparing the franklinite and rhodenite used in these experiments. 
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company for a long time and whose work kept them a part of 
the time in some of, the dusty places, such as the bag house con- 
nected with the dust removal svstem. The*blood was removed 
from one of the large veins of the arm during the working hours 
of the men, employing an all glass svringe and using the grentest 
care to prevent contamination. The figures obtained by analysis 


ure presented in ‘Table I. 


Vianga of | 

H. V. A Q.025 
MM. (i. NI 022 


Average 


ol gin. samples of blood were analyzed in everv cas: 


We had hoped to find variations from the normal content 
which at least in the case of certain individuals would be suffi- 
ciently marked to show a connection between the manganese 
eoncentration in the blood and susceptibility to poisoning. A 
study of the results, however, shows that in no case is the econcen- 
tration unusually high, and that the mean result as well as the 
variations from the mean are very close to the normal figure 
(0.012 me. per 100 gm. of blood) reported in an earlier paper (2). 
In view of findings to be reported later in this paper this is not 
surprising. In the case of the workmen whose bloods have been 


studied the intake of manganese, though continuous, is very small 
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and the normal rate of excretion, as will be shown later, is more 
than adequate to keep the concentration in the blood at a normal 
level. , 

This leads directly to the question of whether larger amounts 
of ore dust taken at one dose may not temporarily increase the 
manganese of the blood to a higher level. To prove this point, 
volunteers in the laboratory submitted to the following experi- 
ment which in several instances was repeated with identical 
results. The subjects in every case drank a water suspension 
containing S gm. ot franklinite. Analyses were made of blood 
samples taken before and 1, 3, 6, and 24 hours after taking the 
ore. In the experument of September, 1920, in order to show 
whether conditions tending to affect the acidity of the gastrie 
juice would alter the amount of manganese in the blood, 50 gm. 
of cooked meat were eaten immediately atter swallowing the ore 
dust. As these results are in no way different from those of 
previous experiments when the dust was taken without food, 
the data are all presented together in Table IT. 

In almost every the manganese concentration increased 
slightly during the first hour or two and then fell rapidly baek to 
normal, Jt is apparent that one or more of the following three 
factors tends to maintain this low level: (1) the rate of solution 
of the ore by the gastric juice is very slow, or (2) the rate of 
absorption into the blood stream: is equally slow, or (3) the rate 
of removal from the blood is too rapid to allow any considerable 
rise of the Inanganese content of the blood. ‘The literature upon 
the behavior of foreign erystalloids in the blood stream and 
experiments of our own In which soluble manganese has been 
injected into the blood stream cause us to favor the last) possibil- 
itv as the controlling factor, since a few minutes after a consider- 
able intravenous injection of manganous chloride the manganese 
content of the blood ts practically normal. 

Whatever the controlling factor, since identical results have 
repeatedly been obtained in the same subject and varying results 
with different individuals, it is evident that in some subjects the 
manganese content of the blood can temporarily be doubled by 
ingestion of manganese compounds while in others the concen- 
tration remains constant. It seems probable that individuals 
falling into the first group would be more susceptible to man- 
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ganese poisoning than those in whom the concentration does not 
rIS€ 
TABLE IL. 


Manganese (once niration of Blood arte r Hating Fran kelin ibe 
| Mn per 100 gin. 
Name. Date. 


Control. 1 hr. after. 3 brs. after. 6 hrs. after. 24 hrs. after. 
| mi. md. mad mo. mi). 
1920 
Jan. | 0.011 | 0.023 0.010 
vg Sept. 0.010 | 0.022 ; 0.012 O.013 
Jan. 20 0.008 0.017 0.010 0.010 
Sept. 0.010 0.028 0.021 0.013 
Jan. 15 0.010 0.014 O.O1L  O.OT 0.010 
| Sept. «0.0120, 8.011 0.010 0.010 
L.A.S. | Jan. 15 | 0.010 | 0.017 | 0.012 O.00S 0.010 
Sept. 0.008 0.013 0.010 
A.S.M. | Jan. 20 | 0.014 | 0.012 | 0.017 | 0.015 
Sept. 27 | 0.013) 0.013 | 0.016 6.010 
W.0O.F. | Jan. 15 0.010) 0.010 0.011 
L. F. “ 20 | 0.009 | 0.014 | 0.007 
W. HL. 0.008 0.009 0.012 0.008 
hk. R. D. Sept. 27 0.018 O17 0.013 


& O.O11 0.014 0.012 0.011 


*S gm. franklinite containing 0.77 gm. manganese eaten im every case. 
30 gm. samples of blood taken in every ease. 


Elimination of Manganese. 


The rapid return of the blood to a normal manganese content 
raises the question of the manner of elimination. Wichert (3), 
Kobert (4), Cahn (5), and Harnack (6) have stated that man- 
ganese is excreted in the bile and intestines but give very little 
analytical data. A more elaborate feeding experiment than those 
described above was earried out, in which C. Kk. D. ate 25 gm. of 
franklinite in the course of 3 days. During that time and for 
several days after, the total 24 hour amounts of urine and feces 
were collected and carefully sampled. 500 ce. of urine and 2 gm. 
of feces were used for analysis and the total manganese excreted 
in 24 hours was calculated. 
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Like many of the heavy metals, manganese is excreted chiefly 
by way of the intestines. In no case was more than a trace found 
In the urme, while approximately complete recovery was made 
in the feces (Table IID, a finding which has been repeatedly 
corroborated by later work on both men and animals. ‘The figures 
for blood in this case are remarkable only becnlise they nein 
show the identical level of biaingnnese concentration reached by 


the same subject after eating dust in the experiment in ‘Table TT. 


PARLE 
/ / VJ 
} 
Nov. +44 50 Control 
i-8 5 gin. tranklinite Nov. 7, LO 
‘ Blood drawn Nov, S, LO acm, 
748.1 O gm. tranklinite Nov. S, 10 a.m. 
S, 4.50 pom, 
0.00) 1 ™ = 10 alm 
flood drawn Nov. LO, 10 acm. 
(MM) 722.06 Control 
12-13 () 11.55 


lollowing uit the suggestion that Is eliminated from 
the hlood stream in the bile, the Occurrence ot the metal in this 
Hhuid was studied after feeding franklinite to three persons with 
biliary fistulas. All the subjects were hospital patients with con- 
stant drainage of bile following bile duct operations. Control 
analvses before giving the ore show that the normal manganese 
content of bile is verv low while after eating the ore it was very 
markedly increased, especially in Cases 1 and 3 (Table IV). No 
quantitative comparison can be made between the total amounts 
of eaten and excreted manganese, for only a fraction of the ore 
was dissolved and absorbed in the stomach and intestines and 
not all the bile secreted was obtained through the fistula. Never- 
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theless, the results do show that the bile is at least one important 
path of elimination of ingested and absorbed manganese, 
TABLE TV 


A. 
Dee. 5 (‘ontrol, 
14 
}t) 
ly ili +> loses 
Is 


heb. 16 (‘ontrel, () 
it) \te 5.5 gm. franklin 

li In one dos 

Is 

Feb, 17 Control, 
ly tranklinite in one 

dose, 

10 

21 


ffeet Blood and of Prolong ( ding of Large Amounts 
of Manganese Ores to Doas. 


Up to this point, the work on human subjects, while if proved 
the absorption and prompt elimination of manganese ore dust 
when swallowed, obviously could not be earried on. for long 
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enough periods to be in any way comparable to the long con- 
tinued exposure in the mills; neither has it been possible to obtain 
autopsy material from cases of poisoning in order to study the 
distribution of absorbed manganese in the body. Accordingly, 
animal experimentation was undertaken to obtain such data. 

Six healthy dogs were chosen as subjects and for a long period 
they were well cared for and fed a diet of bread and meat with 
which had been mixed their daily ration of a manganese ore. 
Blood specimens were taken from the jugular vein at intervals of 
1 month, and both the manganese and non-protein nitrogen con- 
tent was determined. The nitrogen determinations were made 
by Dr. Folin by the method of Folin and Wu (7). As there was 
no change in nitrogen level, these figures were omitted. 

Dog 6 was killed after 11 months because of poor condition due 
to an attack of distemper rather than to any effects that could be 
ascribed to manganese feeding. Dog 7 developed an extensive 
cellulitis and died after removal of a pus sac from his neck. The 
other four dogs were apparently in as good condition at the end 
of the experiment as at the beginning, an observation further 
substantiated by the fact that Dog 3 gave birth to four normal 
healthy puppies during the experiment. 

The figures in Table V show no significant change in manganese 
concentration in the blood during the entire course of the experi- 
ment. The fluetuations may be explained by the fact that the 
specimens were taken at varying intervals after feeding, and 
the different values simply further illustrate the fact that the 
manganese content of the blood is temporarily increased after 
eating manganese ores. ‘The metal must, then, either be com- 
pletely eliminated or perhaps stored in some insoluble non-toxic 
form in certain tissues of the body. 

When it became apparent that 1t was impossible by feeding 
to produce any changes demonstrable in living animals, or to 
produce the slightest svmptom of manganese poisoning, the dogs 
were killed and a complete analysis of the tissues was made. A 
comparison of the figures in Table VI with the normal values 
obtained by Lund, Shaw, and Drinker (8) for various dog tissues 
shows that the manganese content of all tissues in the dogs fed 
with ores is somewhat higher, the increase being more marked in 
the liver and bile as the results given in Table [IV would lead one 
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TABLE V. 
Manganese in Blood of Dogs in Prolonged Feeding of Manganese-Containing 


Ores. 
Mar., | May, | July, |Sept., Nov., Jan., Feb.,! Mar.,| May,| July, 
Sesuietensss 1919. | 1919. | 1919. | 1919. | 1919. | 1920. | 1920. | 1920. | 1920. | 1920. 
my. | mg. | mg. , mg. | mg. mg. | mg. | mg. mg. mg. ; 
Dog 1. 6.7 gm. 0.028 0.035 0.033 0.026 0.011 0.030 0,018 0.010 0,016 ; 
franklinite per | | 
day. Mar. 26, | ; 


1919-July 5, 
1920. 477 days. 
Total 3,200 gm. 
= 304 gm. Mn. 


Dog 2. 6.7 gm. 0.017 0.022 0.622 0.0200.036 0.042 0.019 0.023 0.016 0.024 
franklinite per 
day. Mar. 26, 
1919-July 5, 
1920, 477 days. 
Total3.200 gm. 
gr. Mn. 

| 


Dog 5. 3.5 gm. 0.0280.020 0.01S 0.018 0.0200. 018 0.036 0.016 0.010 
Baker’sS2.5 per. | | g 
cent MInQ, per | 
day. 477 days. 
Total l 
= em. Mn. | 

| 

Dog 5. 3.5 gm. 0.020 0.013 0.016 0.015 0.022 0.012 0.010 0.020 0.036 3 


Baker’sS2 Sper 
cent MnO», per 
dav. Mav 
1919-Mar. 30, 
1920. 455 days. 
Total 1,450 gm. 
HO gm. Mn. 


Dog 3.5 gm. 0.0400 0240.022 0.010 0.039 0.010 Tr. 
rhodenite per 
day. May 15, 
-Mar. 30, 
1920, 320 davs. 
Total 1,120 gm. 
= 2069 gm. Mn. 


Dog 7. 3.5 gm. 0.024 0.0200. 028 0,022 0.010 
rhodenite per 
dav. May 15, 
1919-Feb. 8, 
1920. 270 days. 
Total 050 gm. 
= 228 em. Mn. 
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to expect; that is, the manganese in these tissues was in the proe- 
ess of being eliminated into the intestine. There is no special 
local storing up of the metal in any organ. The chemieal 
analyses were supplemented by histological examinations which 
revealed nothing abnormal in any tissue. 


TABLE VI. 


Duratix 77 7 

Tiss 

Pancrens O PPO 2S4 0.1387 100) OLOS9 0,170 

Stomac! O OLOSL 2. 147 0.0569 

Duodenum 0.377 OLOSS 0.051 0.203 0.175 0,072 

Small imtestine POO TIE 16S 0,062 

S14 1.56 8.3810 0.3906 B07 0.000 ONG) 

Heart... O O67 OF O 

Brain hemispher 0.1537 0.042 0.059 0,031 

(Qmenttum O 000 O 

Bone marrow 0.043 0.055 0.225 0,045 


* Lund, Shaw, and Drinker (S). 
t Dog had eaten recently. 

{ Brain analyzed as a whole. 

S Whole brain. 
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SUMMARY AND CONCLUSIONS. 


ae a 


(Ores containing as oxides and silicates are soiuble 


in gastric quice. Manganese absorbed in the blood stream 

CAUSING Wm MOst Cuses pOrary rise in 


centration followed a cuek return TO of the 
} 

CUSCS studied was the manganese eontent of the blood 

double 


by the ingestion manganese ores to a nor 


the normal level, and in some of the subjects mo imerense was 


noted, We suggest that individuals of! rhe rst group would 

of the latter. 


liven prolonged feeding of large amounts of manganese ore 


to dogs failed to produce senifiennt changes mn con- 


tert of blood and tissues or to enuse anv pathologtesl svraptomis. 


\ianeanese ores are thus verv non-toxie and in order to produce 3 


symptoms of poisoning must be ingested by individuals who are 


peculiarly susceptible. C‘hintes| experience (i) thas demonstrated 


that such persons are extremely rare 


— 
— 
- 
~ 


Reiman, C. K., and Minot, A. J. Biol. Chem., 1920, 520 


t. Wobert, R., Are! rp. Path. u. Pharmakol., xvi, 301 


- 


4 


Harnack. Arch. erp. Path. u. Pharmatol., xivi, 
Folin. O.. and Wu, H.. J. Biol. Chem., 1919, xxxvui, SI. 


8 Lund. C. C.. Shaw. L. A.. and Drinker, C. K., J. & 
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GROWTH ON DIETS POOR IN TRUE FATS. 


By THOMAS B. OSBORNE axnp LAFAYETTE B. MENDEL 


Peuson titere IS no ble respecting 


the setual requirement of the healthy mammal for fat is attribu- 


O The expermneng diffieulttes heretofore im its 


chirected to the possible independent significance of “that hetero- 


genous group of substances designated ‘lipoids’.’ 


wpon ration consisting of miritiied? nrotem 


rritlk entiracted with onhivelrous ethes or 


Wespite this apparent imitial suecess all the rats in the 
ported trivts ond mony others conducted at that time failed 
o reach a large size and sooner or Inter began to decline in weight 
OWI lied at thus STALE others were restored by tha Use 
mulk food conta fat. [mn referring to this Outcome we 
farlure fo sitain compl te vrowt! involves 


Phe CNPC TSS of this investigation were shared by the Con 
\ericultural Experiment Station and the Carnegie Institution of Was! 
Washington. 1). 

\ GISCUSSION of earhier tite this direetion Will he found 
onograph, Osborne, T. B., and Mendel, L. B., Feeding experiments with 
solated food-substances, Clarnegue fnst. Washinat m. bith. JX 
nd ai, POUL, 

Osborne, T. B., and Mendel, L. B., J. Biol. © , 1912, x, SI. 


i Lil 
(dshorne ana s+. foot-note 
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some factor in nutrition other than the fat and is at present under 
Investigation.” 

At that time the significance of the vitamines had not been 
clearly formulated. It was in part the outcome of these experi- 
ments which led us to the discovery of the fat-soluble vitamine. 
The nutritive failure of the ammals in the series of 1912) was 
undoubtedly attributable in part at least to a deficiency in this 
vitamine. The fact that the foods, though extracted with ether, 
had not been extracted with hot alcohol, and henee could not be 
regarded as //pord-free, may explain the not inconsiderable growth 
obtained, for the so called “lipoids’ include substances soluble 
in hot alcohol which may not dissolve in ether.’ Evidence since 
accumulated indicates that the so called fat-soluble vitamine is 
not always removed by ether unless the product has previously 
been treated with alcohol.® 

The recent controversy’ > regarding the necessity for fats in 
the diet fails to emphasize adequately the distinction in the 
significance of fats as sources of energy, Carriers of vitamine, 
and of lipoids regarding the rdle of which we are still largely 
uninformed. 

After citing the ability of rats to grow on a diet of casein, wheat 
bran, wheat starch, and butter in contrast with the failure to 
thrive in the absence of the butter, Aron? has insisted that food 
fats have a specific nutrient value, ‘Sondernaihrwert,’” which 
cannot be replaced by other foodstuffs. Thus he says: ‘The 
special nutritive value of food fats probably involves the presence 


of certain lipotds.”"’ Aron’s thesis is essentially another plea for 
the recognition in some natural fats of nutritive factors not 


expressed in terms of calories alone. 


Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 1913, xv, 311. 

*Osborne and Mendel,? p. M4. 

6 A discussion of this problem is being prepared for publieation. 

1919, xeiv, 205. von Groer, F., Biochem. Z., 1919, xevil, 311. 

9 Aron’s actual experiments are nol entirely convineing in so far as the 
benefits of the butter are ascribed entirely to the fat component. Butter 
earries a not negligible portion of non-fat milk solids which may include 
water-soluble vitumine, ete., in whieh his basal diet may have been low. 
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This by no means answers the fundamental question as to 
whether true fat is indispensable in the diet. Among the various 
explanations of the genesis of so called war edema has been the 
shortage of fats and of vitamines in the diet. Thus Schittenhelm 
and Schlecht!’ conclude from their extensive observations: 


‘Die Erfahrungen, welche wir heute tiber den Einfluss fettfreier Nah- 
rung haben, beschrinken sich véllig auf Tierexperimente. Die Tiere sind 
in ihrem Wachstum geschidigt und gehen schhesslich zugrunde. Beson- 
ders hervorstechende Wrankheitserscheinungen scheinen dabe nicht 
aufzutreten. Wie sich die Wirkung andauernder fettfreier L:rnihrung 
beim Menschen jussern wiirde, miisste erst erwiesen werden. Alan kann 
aber wohl annehmen, dass die L poidverarmung des Worpers zu Storungen 
Veranlassung geben kann, wenn man die lebenswichtige Funktion in 
Betracht zieht, welehe den Lipoiden als mutmasslichen Bestandtei der 
Plasmahaut fiir die Aufnahme der Stoffe in die Zelle zukommt. ’ 


The experimental studies of Kohman' tend to make the fat 
deficiency explanation of nutritional edema untenable since they 
show that even in the presence of fats in the diet ‘‘a combination 
of low calories, low protein and excessive fluid intake will lead to 
a marked dropsy corresponding to war dropsyv in all respects. 
The importance of specific vitamines seems to be excluded by 
these experiments. 

Mignon supposes that the fats play an important réle in the 
utilization of protein, which carbohydrates are powerless 
to fill. His experiments. conducted by feeding mixtures of more 
or less isolated food materials without due consideration to the 
now well recognized need of accessory food factors or vitamines, 
need not be further reviewed at this time. 

Attention has recently been concentrated anew on this question 
by a publication of von Crréer® from Pirquet’s clinic in Vienna. 
He has succeeded in attaining practically normal increments of 
weight in two infants who were fed during their first half vear 
of life on a diet practically devoid of fat. This consisted of 


10 Schittenhelm, A., and Schlecht, H., Die Odemkrankheit, Berlin, 
1919; also Z. ges. exp. Med., 1919, ix, 1. 

1! Kohman, EF. A., Am. J. Physiol., 1920, li, 378. 

2 Maver, M. B., J. Am. Med. Assn., 1920, Ixxiv, 934. 

‘’ Maignon, F., Recherches sur le role des graisses dans Uutilisation des 
albuminoides, Lyon, 1919. 
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highly centriftugated nulk!! supplemented with an energy equiv- 
alent of cane suger. Later a porridge containing skimmed milk 
and cance sugar and having twice the fuel value of whole milk 
was fed. According personal communiention trom Professor 
von Greer to one of us (ML) this diet was adhered to strictly. 
He concludes that “the theoretical fat minimum of the human 
suckling as shown by these two nutrition experiments is im any 
event of such a small magnitude that, contrary to the current 
Views, it may practically be disregarded.” 

It mught appear as it this Apparent SUCCESS contravened the 
experience of miumerous investigators, including ourselves, regard- 
ing the indlisps nsability of the fat-soluble vitamine for the normal 
nutrition of growing indivictuals.’’ Several considerations, how- 
ever, must be taken into aecount. First, centrifugated milk ts 
not entirely devoid of fat or of the fat-soluble vitamuine." Wel? 
have seen Vouneg rats grow to considerable cliets of isolated 
foods in which the added daily supply of fat-soluble vitamine con- 
sisted ot only Ot em. of butter fat, and our early ~comingly suc- 
cessful experiments vith fat-free foods have already been alluded 
tO, “Second, if is by PPLE certain Vet whether Or nol vounye 
animals have a certain store of this food factor which only grad- 
really hecomes hird, the period ot growth In von 


rs two eclimeal observations was comparatively short. 6 


! ‘ } 1 


Mendel, L. B., State J. Ated., xx, 
MeCollum, E. V., and Davis, M., /. Biol. Chem., 1915, xxin, 233. 
Osborne. ine Viena J. Biol, Chem 1921), x11, AG, 


Lhe ois discussed in some detail Osborne and 
Mendel, soon to appear; see also Med. Research Comm., Nat. Health Insur- 
nee, Special Rep. Serie Vo. 38. London, 1919, 16, whieh states:*. 
the v are 2 To when the fat-soluble 

or is defrerent in then diet, Phe explanation of this Is probably Sup- 
hed h ssumption that the animal organism normally contains re- 
i os 4) t hae actor \ hits own body. lt thus hvpothes ~ 


rect It 4 reasonable to assume threat these reserves Are mob lized ror tise 


vhen a deticieney oecurs in the diet, but as soon as they are exhausted 


nhibited During the period of temporary growth, 
hroughout which it has been assumed that the reserve supples are being 
tilized, the =| normal HpPpearanee and there does not appear 


toaobe anv cdeeline in their health. but when the reserves are exhausted and 


it. only dothes ty Grow they heeome 
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months of human growth corresponds to a few days only of rat 
growth. In von Groéer’s experiments both children showed 
signs of interrupted growth in the course of the feeding periods 
cone of them after 3 months) and were attacked by illness which 
he aseribes to intercurrent infection during a prevailing epidemic 
of grip. The suspicion is raised that a lowered nutritive condi- 
tion may have contributed to this interruption of growth —s 
eonclusion in harmony with experiments on animals living on 
diets poor in fat-soluble vitamuine. 

In discussing von CGroer’s experiments Aron> writes: Young 
sucklings can develop apparently unharmed for several months 
on a diet practically fat-free; subsequently, however, disturbances 
in their well being arise.”’ 

He thereupon adds: ‘Children nourished on a diet poor in fat, 
as has been demonstrated on other oceasions,'? are not very 
resistant toward infections and are affected by them with excep- 
tional severity.” 

Here again there is a confusion between the possible effeets of a 
lack of fats per se and a deficieney of the vitamine factor which is 
associated with them in milk fat and elsewhere. 

The ideal plan for ascertaining experimentally whether true 
rats are dispensable nutrition would consist in adding the 
isolated fat-soluble vitamine to an absolutely fat-tree otherwise 
adequate diet as the ration of growing animals. We have “con- 
eentrated” the tat-soluble vitamine by preparing “butter oil” 
as well as by extracting potent fractions of “oils” frome certain 
plant products.!7- 7! 

The appreciation of the distribution of the fat-soluble vitarmine 
in considerable concentration among plant products, notably 
vreen leaves, not ordinarily classed as fat foods has made it 
possible to approach a reasonably successtul method of investiga- 
tion. Consequently we have conducted new feeding experiments 
on young rats with diets presumably containing adequate 
amounts of both the fat-soluble and water-soluble vitamines, but 
exceedingly poor in true fats; /.e., compounds soluble in) pure 


19 Niemann, Berl. klin. Woch., 1919, 777. 

°° Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1915, xx, 379. 

“1 Osborne, T. B., and Mendel, L. B., Proc. Soc. Exp. Biol. and Med., 
1918-19, xvi, 98. Zilva, S. S., Biochem. J., 1920, xiv, 494. 
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ether. The fat-soluble factor was supplied by dried alfalfa,” 
the water-soluble by dried veast. The foods were prepared as 
follows? 

The starch was first mixed with cold water and then gelatinized 
by pouring into boiling water. The meat residue and salts were 
added and the mixture was dried in air at about 70°. 

In the first series (Rats 6369, 6367, 6383) the food mixture 
consisted of meat residue 23, starch 72, and salt mixture 5 per 
eent. To furnish the necessary vitamines tablets containing O.4 
gm. of brewery veast, 0.2 em. of alfalfa, and 0.2 gm. of cane 
sugar were fed daily apart from the rest of the food which was 
offered ad libitum. Rats 6367 and 6383 received additional doses 
of alfalfa, as indicated on Chart 1, during the latter period of 
their growth. 

The meat residue*! yielded 1.6 per cent of ether extract. The 
diet can at best be deseribed as exceptionally low in true fats, 
Nevertheless the animals grew on it with vigor, reaching approx- 
imately 800 gm. when this report was prepared. In two cases 
(Rats 6367, 6383) the daily supply of alfalfa was increased to 1 
and O.4 gm. respectively at a time when it seemed as if the amount 
of fat-soluble vitamine might be too small. This change increased 
very slightly the amount of true fat available for the animals. 

In order to reduce still further the fat component of the diet 
which, except in the very small fixed daily portions of alfalfa and 
veast, increased with the augmented food intake of the large 
animals, a food mixture was prepared for which the thoroughly 
dried meat residue was extracted five times with ether containing 
a little alcohol, 

Ixtracting with anhydrous ether removed from the non-vita- 
mine portion of the food mixture 0.24 per cent of solids. On the 
basis of these data the largest daily intake of ether extract (at(?)) 


“The preparation and potency of this from young alfalfa leaves is 
described by Osborne, T. B., and Mendel, L. B., J. Brol. Chem., 1919, 
xxxvil, IST. Its content of ether-soluble material was 5.06 per cent. 0.2 
gm. of this dried alfalfa, as supplied daily to the rats, would thus contain 
only Q.01 gm. of fat cether extract). 

> The general conduct of such experiments by us has been described by 
Ferry, BE. L.. J. Lab. and Clin. Med., 1920, v, 735. 

°! For the preparation of this, see Osborne, T. B , and Mendel, L. B., 
J. Biol. Chem., xxxii, 339. 
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for any of the animals on this series was O.U7S @m., and this 
during a period when the weekly food intake reached the excep- 
tional amount of 174 gm. These rats (Nos. 6526, 6452, 6457), 
hike those of the first SCTIOS, have shown growth large SIZe 
(Chart 1). Inasmuch as all the animals starting on the diet with 
a body weight of approximately 70 em. have quadrupled their 
weight within the usual time. and appear as well nourtshed as 
companion rats on diets containing liberal portions of butter fat 
or lard, we cannot avoid the conclusion that of true fats are essen- 
fos for nudrition dur nag growth the minima necessary must be 
edingly small, 

Hindhede”’ whose results with young men correspond to 
observations on laboratory animals, has contended that fat is 
not required in the diet toa sufferent samount of fresh fruits and 
vegetables is eaten to supply vitamunes, 

The SO to 90 em. of the fat-free diets (about 3S ealories per 
vm.) Voluntarily eaten by the rats compared with the 60 to°70 em, 
of our standard experimental diets containing 2S per cent of fat 
(about 55 ealories per gm.) usually eaten by rats of similar size 
represents the adjustment to the energy needs of the animals, 

As they grew larger the difference in the consumption of the 
“fat-free over the “standard” ration became even more striking. 
Thus at a body weight of 270 am. the animals frequently ate 125 
to 160 em. or more of fat-free food per week in contrast with an 
average of S2 em. on the standard diet. Ineidentally the large 
intakes have resulted in the ingestion of large quantities of pro- 
tein. This has evidently not been detrimental to the rate of 
erowth of the annnals. On the other hand, in view of the very 
rapid gains made by these animals during the early weeks of the 
experiments, it may even be debated whether it has not repre- 


sented an actual advantage im the mutrition of growth. 


Hindhede, M., Molkere:-Ztg., WIS, xxviii, 152; abstracted in Chem. 
Zentr., 1, 745: Shand. Arch. Physiol., 1920, xxxix, 7S. 
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THE PHYS{OLOGICAL EFFECTS OF SHORT EXPO- 
SURES TO LOW PRESSURE. 


By bk. SUNDSTROEM W. BLOOR, 


ian thie Lahoratorte s ot Bioche mestri, nine ot “alito 


Received for publication, September 27. 1920.) 


Although it has been recognized that prolonged sojourns at 
high elevations tend to upset the physiological equilibria and 
result permanent stimulation of the hematopoietic apparatus, 


the time required for these changes still remains a matter of 


conjecture. In regard to exposures to low pressure of short 
duration such as are met with in aeroplane flights, the current 
opinion is that the mainly respiratory and circulatory effects are 
of a transitory character, and that the cellular life of the body 
is Jeft undisturbed. Tf it could be demonstrated that a few 
hours stav in high altitudes is sufficient to stimulate the blood- 
forming organs to increased activity, such a discovery would 
he, from a therapeutical pomt of view and taking into considera- 
fion the ease in reaching high elevation that is offered by modern 
aviation, of a far reaching interest. It must be expected, how- 
ever, considering the difficulties that for a long time kept the 
blood changes during prolonged sojourns at high elevations open 
to argument, that the eructal test of a stimulation of the bone 
marrow occurring from only a short exposure to low pressure 
would be still more difficult to produce. 

The older data on the subject, obtained from = observations 
during balloon ascensions, are contradictory. While CGaule (1) 
claimed that he found evidence of a stimulated formation of 
red cells, von Schroetter and Zuntz (2) were unable to confirm 
his observations; thev admit, however, that the blood-forming 
organs may be hyperemic after a few hours stay at an altitude 
of 4,000 meters. The permanent increase of ervthroeytes Kulin 
“suction mask’’ 
has been attributed by them to a direct effect on the bone mar- 


(3) and others have observed from use of the 
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row, and, although it must remain doubtful whether their pro- 
cedure can be compared with an exposure to low pressure, their 
extended time of observation seems to warrant their conclusion 
that the bone marrow may be sensitive to a deficient oxvgen 
supply of very short duration. 

Gregg, Lutz, and Schneider (4) in a recent piece of research, 
in which they interned a great number of men in a low pressure 
chamber for short periods of time, found in the majority of 
eases an Increase in the number of real cells, but they are inclined 
to the view that an “increased production of hemoglobin and 
erythrocytes by the bone marrow is improbable’? and that the 
change is due either to a concentration of blood plasma or to a 
dormant supply of old blood corpuscles. 

The emphasis Abderhalden (5) has laid upon the necessity of 
combining blood countings with biochemical methods for reach- 
ing an understanding regarding the blood changes during pro- 
longed sojourns in high altitudes, seems to hold true also in the 
controversy whether the increase of red cells, occasionally observed 
after short exposures to low pressure, Is caused by a stimulation 
of the erythropoietic organs or not. It is evident that the bio- 
chemical methods one of us (6) has employed to test the increase 
of erythrocytes in mountain trips would be useless for our present 
problem; that, however, the biochemical equilibria of the body 
may be profoundly affected by short exposures to low pressure 
mav be learned from investigations of Haldane and coworkers (7) 
in which they found changes of the acid-base equilibria, similar 
to those that have been demonstrated by one of us (S) to take 
place during prolonged stay at high elevation. 

Masing (9) has suggested the use of the phosphorus content 
of the erythrocytes as a criterion of the presence of newly formed 
red cells; a higher percentage would then indicate a stimulation 
of the ervthropoietic organs. Considering the presence, accord- 
ing to the hematologists, of nuclear remnants in the circulating 
red cells, Masing’s idea seems to be worthy of adoption, in the 
light of recent investigations of Bloor (10). It is, however, 
doubtful whether any decision can be reached as to the average 
age of the erythrocytes from analysis of the red corpuseles for 
phosphoric acid. Furthermore as it has been found that the 
corpuscle volume may vary within wide limits, the rough figure 
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for the phosphorus content of a unit volume of packed corpuscles 
is misleading for our present purpose. The average phosphorus 
content of an individual red cell, which for our inquiry would be 
instructive, is affected with such an excessive experimental error 
as In most cases to make its use imaginary. 

Recognizing the obstacles referred to above, but anvhow hop- 
ing to arrive at results that might throw some light on the ques- 
tion whether anv stimulation of the blood-forming organs occurs 
when they are subjected to a decreased oxvgen supply, we decided 
to combine estimations of the phosphorus content of the blood 
with blood countings in animals kept for a tew hours at arti- 
ficially decreased pressure. We were the more induced to under- 
take the investigation as no data are available regarding the 
phosphorus content of the blood in high altitudes; and in addition 
as such a research would furnish a great number of data with 
reference to the normal variations of the total phosphorite acid 
and its different fractions. One of us (6) has speculated whether 
the constant phosphorus retention he found, combined with a 
lowered bicarbonate content of the blood, could possibly depend 
on the participation to a greater extent of the phosphates in the 
buffer value of the blood in high altitudes. It may be satd in 
this connection that our present Investigation wholly disproves 
this suggestion, which was formulated because of lack of intor- 
mation of the high phosphorus content of the red cells, which 
fully explains the positive phosphorus balances observed. 

We emploved for our experiments a low pressure chamber that 
had been constructed by one of us (Ie. 8. 8.) for artifieral laugh 
altitude experiments on small animals. ‘The apparatus consists 
of a evlindrical vessel made of heavy galvanized sheet iron 
height 50, diameter 65 em.) with concave bottom and top, and 
with twelve vertical wrought iron braces branching off to support 
the top. In the center of this is a round window, 35 em. in diam- 
eter, surrounded by a rim for a rubber gasket. On the rubber 
gasket is placed a piece of rubber tubing on which rests a piece of 
plate glass, 2 inch thick. By this simple arrangement a her- 
metieal sealing is accomplished when the pressure inside the 
apparatus is decreased. The evacuation of air is done with a 
suction pump, driven by a | horse power electrical motor. A 
constant pressure is attained by adding to the constant air inlet 
an Intermittent one, which is controlled by a mercury manometer. 
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When the pressure reaches a certain point a contact is made, 
closing a circuit from two dry cells, which in turn by means of a 
relay closes the main circuit and opens a valve in a modified gas 
faucet, connecting the chamber for a moment with the outside 
air. This automatic device can be relied upon to keep the pres- 
sure Inside the apparatus constant for any length of time, even 
ata vacuum of 650 mm. kor experiments extending over longer 
periods of time the apparatus is supphed with a device for feeding 
the animal, with an arrrangement to collect urine and feces, 
which consists of an inner enameled metal funnel around the wall 
to half its height and passing through the bottom of the chamber. 
The feces are collected on a wire net suspended above the bottom 
of the funnel. A water-sprinkling device of simple comstruction 
is further added in order to rinse off the urine at the end of certain 
periods without necessitating the lowering of pressure. 

As experimental animals rabbits were chosen, as their quiet 
habits minimize the errors that might in a work of this kind 
result from excessive struggling The blood samples were drawn 
from the heart, one before putting the animal into the apparatus, 
the other Immediately after restoring normal pressure. To 
enable quicker handling the animal was tied down on its baek in 
a box in as comfortable a position as possible and it soon became 
quiet, especially when the pressure went down. While thus in 
the low pressure rabbits were comparatively quiet; the cortrol 
animals, which were also tied down and otherwise treated exactly 
as the former ones, occasionally tried to pull themselves loose. 
The experiments were started in the morning before the rabbits 
had been fed. The reduction of pressure was rapid, requiring 
only 2 to $3 minutes, and the restoration of normal pressure took 
place in about the same length of time. 

In the first ten experiments 25 ec. of blood were drawn, In 
other experiments only 15 ce. were taken. 0.5 per cent of powdered 
potassium oxalate was added to prevent clotting. The same 
hemoevtometer was used throughout the work and only duplicate 
countings that were nearly identical were accepted. 

In order to test out whether the peripheral blood differs in its 
red count from the blood from central organs we did a few parallel 
countings in the blood from the heart and from the ear vein as 
well. The figures agreed with each other within the limits of 


experimental error. 
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The methods for the determination of phosphoric acid constit- 
nents In blood have been deseribed previously (11) and eertain 
modifications of the methods which have been used in this work 
are discussed in the following paper (10). A special form of 
hematocrit, was used for the work and since it has proved aceu- 
rate and satisfactory a brief description is desirable. ‘Phe appa- 
ratus consists of the hematoerit proper and 2 container, In 
making the hemetoertt two sections of enpillary tubing of even 
hore, | mm. inside, 5 mim. outside diameter, and 150 mm. long. 
were cut off and the sharp edges of the ends beveled a little so 
that they would not break when used in the eentrifuge. The 
contriner consists of a length of elass tubing ebeut 120 mm. 
long, 15 min. inside diameter, and with walls at least 1 mim. thick. 
This was fitted with a 10 mm. section of solid rubber stenner a 
one end and with a stopper perforated to admit the hematocrit 
tube at the other. 

In use the well mixed blood is drawn tht) Into the hematoerit 


tube to a height of 12 or 13 em., held there by a finger over the 


upper end, the excess blood wiped off, and the lower end sealed 

by a disk of gummed label cut to the size of the tube. The 

hematocrit containing the blood is then placed In the container 

through the perforated Stopper at the top, pushed 

the stopper in the bottom, and the container placed in the metal 


tube of the centrifuge. After centrifugation the leneth of 


Of total blood eorpuscles measured an 


accurate scale and the percentage of corpuscles cale ted, Phi 
variation in values of dupheate samples using these tubes is 


generally within | per cent of the total value. Values obtained 
with the hematocrit are always lower, generally one or two points, 
than values obtaimed from ordinary graduated centrifuge tubes 
under the same conditions. 

Of thirty-one experiments in all, nineteen were low pressure 
experiments. In three experiments the pressure was reduced to 
to 350 mm., in eleven to 400, and in five to 450 mm. Twelve 
were control experiments at normal pressure. One attempt was 
made to bring the pressure down to $00 mim., but the rabbit 
died after } hour. In twenty-one experiments the animals were 
exposed to low pressure 5 hours, in the rest the time varied fromm 


to hours. 
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TABLE I. 
fontent Total. Tnorgar Organic, and Lipoid Cor pusele 


Vhosphorie acid in Phosphoric acid in 
| corpuscles plasma, 
Q? mim. Ar mg. mg. mg mg. mg | ma 
| | 
1250 Wo A N75 VO 231) 38 21.410 30.4:10.4 
S240 7624324 13) 268 8716.5 83 
| 
2 425 100 3) A 6.0854.256.7 288 19) (205 6823.5 8.3'1.9.16.5 
B 6 .3337.358 9283 144 (200 6019.0) | 
3 350) 2; A 5.32/33 .1162.2/400 Q 309 FTOLZLO1LS | 9.4 
B30 05008 442 SOTS | §.% 


{ 1.430 A G6 SSS 14 266 6526 011.9 13.9 
B 6.42:39 361.2:359 13 277) 68:21.110.0 11.5 
5 500 30)0' 13) A 6.23 42.2167.7'350' 15 1256, 
B 6.0940 065.7555) 14 5220.0 8.52.5 8.6 


3, 100 300' 2 A 24.0 
B 6 20290 046 S470 17.3 | 
4,425 AO OF OBO OS33 240 S251.0 9 71.625.0 
B 5.2935 .2:66.5351 SB LOS 
425 100' A 293 6527 011.16.2) 8.7 
\ B 6.4536 456 4593 310 GOS 2O O10 5.2 
3.000 1000 13 5.5534.962 9350 90 Ig 31340 5.0 
B 5 9037 763.9350 S83 6215.0 7.82.2) 5.0 


10 5, 100 100; 2 16.34: 


’ 


16.1 


11 | 4,400 | 450.35 A 6.2135.156.5350 6200 95 
B 5 3633. 262.0350 6414.0: 4.8) | 9.7 
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TABLE I—C'ontinued 


1’) “pheor acid ho phos 
vy is les pel 
‘ 1! 1: 14 
6 bo 32 D350 97 37 O10 
4550 6 56.4350 23 0 6 
5 
665 O305 70:22 OF 17 
9 OO 3 11 
62752 852.3455 105* O10 
6 4451 548 64600 400° O11 
9 27:36 368.9330 10 270 17.5) 6 
; t) 


258 25 2900 

OL SO 462 O350 260) F022 

457 2378 75 14 


2820 S56 4585 
SOOO BPO 8219 


9436 666 O3825 26 7221 


S833 356 6320 296 0224 1 


1652 259 O8?20 GO 219 6326 2 
12:31 962 3320 11.1 214 6626 2 
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Phosphoric acid tn Phosphoric aeid in 
corpuscles 

Same os OO BO C623 029 G13 5 

No. 19 

9024 763 3330: 22.0:233; 99116.0) 5.02.5) 8.5 
Boo SOL6 4490 O02 014 8 
3 OOS) 963 S300 31292 .4) 7.5:2.8113.0 
562 2445 9027.41 7 52.5:13.0 
OO 3 A 15 .47.34.968 29) 21.7)10 03.44 8.9 
5.7036 4168 3 S80 S 5021 510 02 5110.0 
Bo olodt G62 11.5264 4819.0 6.43.0) 9.4 
3] 3 19 0273) 65 6.212 .2 
0332 951 16.0:259) 68 6.03 .2 


In Table IT the results of the experiments are recorded respec- 
tively for red count, hematoerit value, corpuscle volume (obtained 
by dividing the volume of red corpuscles in lL eamm. of blood as 


expressed by the hematocrit value in one-thousand millionth of a 


c.mni., or as we prefer to express it in vw’ as unit, by the number of 
red cells in eam. of blood), and phosphoric acid content in blood 
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corpuscles and plasma, both the directly determined total amount 
and its fractions— inorganic, organic, and lipoid. In the table, 
A designates the series at the beginning and B the series at the 
end of each experiment. 

The complete analysis of the blood of twenty-eight normal 
rabbits for phosphoric acid constituents as given in Table TL makes 
it possible to establish tentative average values and variations 
for these constituents in normal rabbits. 


Blood Count, Thirty samples (ineluding extra samples at different times 
from Rabbits 16, 17, and 19 and excluding No. 25 which was definitely 
Average 5.06: highest 7.19: lowest 4.68 millions. 

Hematocrit Valuee On the same animals. Average 34.67: highest 48: 
lowest 27.5 per cent, 

Plasma Phosphate. lnorganie Phosphate Vwenty-six animals. Aver- 
age 9.76; highest 14; lowest 5.0 me. per LOO ce. 

Lipoid Phosphate. Twenty-five animals. Average 11.46; highest 25; 
lowest 5.0 me. 

Cor puscle Phosphat Tnorqanic Phosphate ‘ Sixteen animals, Aver- 
age 14.2; highest 28S: lowest less than 5.0 mg. per LOO ce, of corpuscles, 

Organic Phosphate. Nineteen animals. Average 257; highest 315) (in 
the anemie rabbit); lowest 200 mg. per 100 ce. 

Lipoid Phosphate. Average for 27 animals 6S.4; highest 110; lowest 
dS mg. per LOO ce, 


Since for our present study the absolute figures are of minor 
importance, the interest centering around the changes taking 
place in the blood from the exposure to the low pressure, we 
have in Table I calculated the percentage changes of the number 
of erythroeytes, corpuscle volume, corpuscle phosphates, and 
plasma phosphates, total, inorganic, and lipoid. The experi- 
ments are arranged according to pressure and time of exposure. 

It is regrettable that our experimental methods involved a loss 
of 5 to 6 per cent of the blood of the rabbit at the commence- 
ment of each experiment. It is well known that large hemor- 
rhages themselves may stimulate the blood-forming organs. 
A prrort it is impossible to tell to what extent the hemorrhage 
might have interfered with the effect of the internment in the 
low pressure chamber. On the other side the objection may be 
raised that the awkward position of the animal during the 
experiment in some way may affect the composition of the blood. 
As already mentioned real struggling of the animal very seldom 
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TABLE II. 
Changes in the Number of Red Corpuscles, Corpuscle Volume, Total 
Phosphorus of Red Cells, and Total, Inorganic, and Lipoid 
Phosphor us in Plasma. 


| | | | 
No. of experiment. 'Pres- No. of re Corpuscle 
‘ |sure.| ¢ cells. | volume. ‘Totalin Total in| Inor- | Lipoid 
| corpus ganic in In 
; | mm | Ars | per cent | per cent per Re 0 cent per cent 
‘Ideal’ controls. | | | | | | 
| 22 | 23) -—6.2/ O | O |—18.0) -6.5 
27 | 760! 3 481 464 
20 | 760) 3 —§.2| —7.6| +8.5| -8.3 
30) 12.8 | —3.8| —5.1/-99.0) +21 
| 760) 3 —49} —5.1] -3.2! 0 
(‘ontrols, second ex- | 
posure. | | | 
1) 160) | +11.0 ~9 2) +1.3)—18 8 
| 46.1] —15.2 | —1.5| —3.2/411.9 -—9.0 
2 760) 3 LOS 21) 
Control, | | | 
760) 3 +3.7 +481 46 5 +14 3) 
Control, | | 
241 THO -22.9)'(+16.8)| —1.8 —28 
Low pressure experi- | | 
ments, | 
5 350) 22 2.9) 
3 350) 2 +11.1 —7.4 
350 2 13.8 | —15.2 |+13.5|—27.9 | 
7 | 400114 | 46.3] 41.6] © |—22.3/-24.3] 
400. 2? —9.3 |414.9\-25.9) +7 2 
17 10) 3 +85 | —11.9| +6.7] —8.0 
IS 400. 3 -7.6 | 
19 3 14.7 7.6 | 
A 2 10 31 +50) 9 19] | 
7 53 | —6.7 +108 5.41 +5.91411.3) 
1 15013 | -—13.7| 4+9.7| 
I? 0! 3 ~14.5 | +10.4 Q 
4150 3 —7 +28 0} —25.4 —34.2;—14.2 
14 450) 3 -120) +7 0-6-4 
15 0 3 7 7.0 | 41.1) +4.3/4-18.0\—13.1 


Anemiuc; red $3.34 millions. 
’ Very small rabbit, 2.78 kilos. 
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took place. By adding a great number of control experiments, 
in which the rabbits were treated in exactly the same manner 
as In the low pressure experiments, we believe that we have over- 
come the above named difficulties. As will be seen some changes 
occurred to about the same degree in both the main series of 
experiments but it would be difficult to understand why other 
changes were met with only in the low pressure series, if it} were 
not that these changes are attributable only to the new environ- 
mental factors of the low pressure apparatus. 

Of the twelve controls the first seven (in Table IL) were in all 
respects ideal ones. In the next three the rabbits had 4 weeks 
previously been used for low pressure experiments and presum- 
ably because of this earlier “sensitizing” these experiments 
present differences from the other controls. In the next experi- 
ment the rabbit was anemic at the beginning and consequently 
may be supposed to have reacted more strongly to the hemor- 
rhage than the others; while in the last of the controls the rabbit 
was unusually small. 

Turning our attention to the percentage changes in the ideal 
controls we recognize that they are, with sole exception of the 
red count and inorganic phosphates, small and in most cases 
within the limits of experimental error. The decrease of the 
number of red corpuscles varies with exception of only No. 26 
between 2.0 and 10.3 per cent, with an average of 5.5 per cent 
When we calculate the blood volume from the body weight and 
compare the amount of drawn blood with this hypothetical 
blood volume, we arrive at approximately the same figure. It 
thus appears as if the decrease of red count bears a relation to 
the amount of hemorrhage, which seems to indicate that no dor- 
mant supply of erythrocytes was drawn upon. 

The changes in the corpuscle volume vary between +4.2 and 
—7.6 per cent and as the experimental error of the corpuscle 
volume equals the superposed errors of two different estimations, 
we are Inclined to the view that no change of the corpuscle vol- 
ume took place in the ideal controls. 

The total phosphorus content of the packed corpuscles varies 
in the seven experiments between +38.5 and —11.0 per cent. As 
the figures in five of the cases are well within experimental error, 
it is doubtful whether any significance can be attached to the 
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two somewhat larger deviations. Moreover, the problem, that 
for our present inquiry would be more important than the phos- 
phorus content of the mass of mixed corpuscles, namely the 
average phosphorus content of an individual red cell, is difficult 
to approach because of the trebled experimental error. We have, 
however, satisfied ourselves as to this matter, but we have failed 
to discover anything that would point in the direction of a change 
of the phosphorus content of the single eryvthroeyte. The devia- 
tions were equally distributed around the average. 

Regarding the change of phosphorus content of the plasma we 
notice a deeided difference between the two main fractions, 
Inorganic and lipoid phosphorus. While the change of the 
Inorganic phosphates is, in all cases except one, strongly negative 
the lipoid fraction remains remarkably constant, the total 
phosphates occupying an intermediate position. The average 
decrease of Inorganic phosphates is IS. per cent, of lipoids 1.6 
percent. It seems possible, therefore, that the lipoids were little 
ifoat all affected by the restoration of the blood to its normal 
volume. 

Postponing the discussion of the remaining control experi- 
ments at normal pressure till later, we pass over to a consideration 
of the low pressure experiments. The number of red corpuseles 
(Table I1) does not allow us to draw any sweeping conclusions, 
as the percentage changes vary between +-11.1 and —14.5. 
Since the positive deviations occur mostly at the lower pressures, 
although the amount of blood drawn was in these cases somewhat 
larger, it is, however, probable that increase of red cells, notwith- 
standing the loss of blood, was due to the lowered atmospheric 
pressure. If 5 per cent of the negative changes is considered as 
due to the loss of blood we find that in the majority of cases at 
390 and 400 mim. an increase of ervthrocytes had taken place. 
But even the negative changes are noteworthy, as in high alti- 
tude researches it has often been found that a decreasing effect 
on the number of ervthroevtes may precede the increasing one, 
making if probable that lability of the number of red corpuscles 
is a typical feature. On the other hand, although naturally a 
stimulation of the erythropoietic organs most frequently Is 
accompanied by an increase of circulating red corpuscles, an 
absence of this latter phenomenon does mot seem to exclude a 
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greater activity of the bone marrow, as it is possible that the 
newly formed red cells may linger there for some time before 
they enter the circulation. 

The change of the corpuscle volume varies between + 10.8 
and —18.3 per cent. The maximal negative changes, which 
undoubtedly exceed the experimental error, are found after 
exposures to very low pressure. The largest positive change is 
reached after an exceptionally long exposure (5) hours) to 400 
min. We are therefore inclined to the view that the present 
study confirms the results reported by one of us (12), that low 
pressure tends to alter the size of the erythrocytes. Whether 


these changes bear any relation to changes in the hydrogen ion : 
concentration of the blood, as suggested, we are not in a position : 
to answer, although the determination of the dissociation curve ' 
| of the oxvhemoglobin in some of the experiments apparently Y 


pointed in this direction, 

While very little weight can be laid upon averages, when the 
number of cases is small, it occurred to us that it might be of ’ 
some interest to calculate the average change of corpuscle volume 


at different pressures. 

Pressure, Corpuscle volume 

mm. per cent j 

| Phe changes in the total phosphoric acid content of the cor- bs 
puscles vary between +-14.9 and —7.0 per cent. We further 4 
recognize that most of the changes are to the positive side and 

that the maximal ones of these occur at the lowest pressures. 
We would attach more importance to the prevalence of positive a 
changes and believe that they indicate an increase of the phos- a 
phorus content of the corpuscles at high altitudes if we had sue- i: 

ceeded in confirming them by calculating the phosphorus content a 
of individual red cells. The maximal positive change is 19.1 7 

per cent, and the maximal negative change is 11.1 per cent; the Si 
average change is +1.0 per cent. In the first seven control a 
experiments the corresponding figures are 12.4, 13.2, and + 1.2. i 
In only two experiments is the positive change of the individual | a 
ig 
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corpuscle content of phosphorus safely beyond the limits of 
experimental error. In one of the cases the duration of the 
experiment was twice the average duration and it is possible that 
if we had extended the duration in other experiments still longer 
we would have been able to discover an increase of the individual 
corpuscle H3PO,; content proportional with the length of time. 

The estimation of the lpoid phosphorus content in individual 
red cells revealed that only in three cases was the change beyond 
the limits of the experimental error. All these changes were 
negative (15.8, 17.0, and 13.9) and, as will be seen, coincided with 
maximal negative changes of the plasma lipoids. 

If we turn our attention to the plasma phosphates in the low 
pressure experiments there seems to be no doubt that a decrease 
has taken place and this applies equally well to the inorganie and 
lipoid phosphorus and to the total phosphorus. The average 
decrease of the inorganic phosphorus is at 350 mm. 18.6, at 400 
mm, 20.2, and at 450 mm, 24.2 per cent, with a total average of 
21.3 per cent. The average decrease of the inorganic plasma 
phosphorus in the seven controls is 18.16 percent. It therefore 
appears as if the decrease of the inorganic phosphates in plasma 
were attributable to the bleeding alone. 

The decrease in the low pressure experiments for lipoid phos- 
phorus is at 350 mm. 16.3, at 400 mm. 11.6, and at 450 mm. 
14.9 per cent, with a total average of 13.2 per cent. When com- 
pared with the constancy of the lipoid phosphorus in the seven 
control experiments (average 1.6 per cent) these figures lead us 
to the conclusion that the decrease of lipoid phosphorus is caused 
by the low pressure treatment. The fact that no change of the 
lipoid phosphorus occurred in the two experiments of the shortest 
and longest duration seems to indicate that the greatest decrease 
takes place between 14 and 55 hours. 

It now remains to seek an explanation for the decrease of 
plasma lipoids, which seems to be confined to the low pressure 
experiments. I¢ffects of digestion and work are excluded as the 
animals were fasting and were tied down. Complete muscular 
inactivity could, naturally, not be obtained, but as to possible 
effects of struggling it has been pointed out that the control 
animals were more restless than the others. It seems certain that 
an enrichment of the circulating red cells with lipoids, that would 
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result in an impoverishment of the plasma in these substances, 
did not occur, as it was found that the greatest decreases of the 
plasma lipoids were accompanied by proportional decreases of 
the corpuscle lipoids. Thus the three maximal changes of 
plasma lipoids to the negative side (27.9, 25.2, and 18.2 per cent) 
corresponded to the three greatest changes in the same direction 
of the individual corpuscle lipoids (17.2, 15.8, and 13.9 per cent). 
Instead of compensating for the loss of lipoids from plasma by 
storing up lipoids, it is probable that even the cireulating red 
cells may be compelled to contribute some of their own lipoids. 
But where are all these phospholipoids that probably consist 
mainly of lecithin deposited? While the inorganic phosphates 
are easily eliminated from the body through the kidnevs (although 
such an explanation of their decrease in the plasma is doubtful 
in the hight of the fact that a retention of phosphates is a constant 
phenomenon in high altitudes) such an output of the lipoids is 
out of the question. <A dilution of the blood would likewise be 
contrary to the repeated observation that the blood plasma tends 
to become concentrated at high elevations. The most probable 
alternative is that the lipoids have been taken up by some part 
of the body itself. 

A number of investigators have tried to elucidate the effect of 
small doses of lecithin on metabolism. In all the cases where the 
experiments have been well controlled (13) a retention of nitrogen 
and phosphorus and partly also of sulfur has been found, indicat- 
ing a formation of new body protein. Other observers (14) have 
paid attention to the effeet of injections of lecithin on the number 
of red corpuscles and have been able to find a rather constant 
increase. That lecithin probably plavs some rédle in the funetion 
of the ervthropoietic organs is evident from the facet that the 
bone marrow contains comparatively large amounts of lecithin 
and that this percentage is higher in the red marrow of voung 
animals (15). Whether the hypothesis that the lecithin acts as 
a bridge to the nucleins, these proteins obtaining their phosphorus 
supply from the lipoids, will prove correct is impossible to tell; 
however, if that is the case, the beneficial effeet of lecithin injec- 
tions on the number of red cells would be satisfactorily explained. 
The lecithin requirements for the formation of new erythrocytes 
would, furthermore, throw light on the changes of the plasma 
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lipoids at low pressure. A part of these would be taken up by 
the blood-forming organs. If future investigations prove that 
this is true, the almost immediate reaction of the bone marrow to 
lowered pressure in the direetion of a stimulation, which we are 
now able to offer only as a hypothesis, will at the same time 
obtain a firmer foundation. 

As already mentioned, in the control experiments, Nos. 20, 21, 
and 23, the animals had 8 weeks previously been exposed to low 
pressure. One of us has directed attention to the sensitizing 
effect of sojourns in high altitudes (16) to very small changes in 
atmospheric pressure. It seems possible that the difference the 
three above named rabbits presented from the other controls 
ean be explained in the same wav; namely, that these animals 
reacted more strongly to the hemorrhage than the others. In 
spite of the loss of blood of all the rabbits, their blood contained 
a Iigher number of red cells after than before the experiment. 
The effeet on the corpuscle volume was also more marked and in 
a negative direction. The effect on the plasma’ phosphates 
varied to a great extent; ¢.g., In one animal the lipoid phosphorus 
increased by nearly 19 per cent. It deserves mentioning that 
the initial number of red corpuscles in the second experiment 
on the same animals exceeded the initial counting in the first 
series by 2.2 to 7.3 per cent. A greater number of comparative 
red counts would, however, be necessary to ascertain whether the 
stimulation of the bone marrow, that we have indicated, lasted 
for such a long period of time. 

We have found that in normal rabbits a loss of about 3 per 
cent of the total blood volume does not seem to stimulate the 
bone marrow to greater activity during the first hours after the 
hemorrhage. It would have been interesting to study the effect 
of the bleeding of animals that at the onset of the experiment 
were anemic and of the effect of a somewhat proportionally 
larger hemorrhage. Only one experiment of each of these kinds 
is available in our series; namely, Experiments 25 (anemic rabbit) 
and 26 (smallest rabbit in all the series, therefore a proportionally 
greater loss of blood). In the former animal all the recorded 
blood changes are to the positive side. Iexpecially the increase 
of the number of red corpuscles and of the lipoid phosphorus of 
the plasma is noteworthy, but it would be futile in a single case 
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to speculate as to the comeidence of these two changes. In the 
latter experiment we are the more prevented from drawing any 
conclusions as the incongruence of the blood count and hemato- 
erit value makes us suspect some error in the sampling of the 
hlood for the counting. In such a case the figures for the red 
count and the corpuscle volume would be incorrect. However, 
the great decrease of all the main phosphorus fractions would 
then remain unexpluned. It is possible that our estimations 
are correct and that the low body weight of the rabbit and there- 
fore resulting disproportionally large loss of blood are responsible 


for the changes in question, 


SUMMARY. 


1. self-regulating and inexpensive apparatus for animal 


experiments at low pressure is briefly described, 

2. A conventent and accurate method for obtaining the hema- 
tocrit value by use of a high power centrifuge is given. 

3. The variations of the content of phosphoric acid and its 
fractions inorganic, organic, and lipoid—of the corpuscles and 
plasma of normal rabbits are discussed. 

4. From comparisons of the percentage changes i the number 
of erythrocytes, of the corpuscle volume, and of the phosphorus 
content of corpuscles and plasma of rabbits that have been 
subjected to a small hemorrhage and then exposed for a short 
period of time on the one hand to normal pressure and on thie 
other hand to pressures from 350 to 450 mm. it is concluded that: 

(a) While at normal pressure the change of the number of red 
cells corresponds to the loss of blood from the experimental 
hemorrhage, the greater alteration of the number of ervthrocytes 
at lower pressures is due to the low pressure. 

(hb) At very low pressures a decrease in the size of the red cor- 
puscles occurs, 

(©) The phosphorus content of the red cells does not undergo 
any marked change. In a few cases the decrease of the lipoid 
phosphorus is probably bevond experimental error, 

(/) The change in the inorganic phosphorus of the plasma is 
negative, and of the same amplitude in control and low pressure 
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(©) The most characteristic feature of the low pressure experi- 
ments, when compared with the controls, is a constant decrease 
in the former of the lipoid phosphorus of the plasma. 

®. It is suggested that the decrease of the lpoid phosphorus of 
the plasma at low pressure indicates an enrichment of the ery- 
thropoietic organs with lipoid material and that this may be the 
first phase of a stimulation of these organs resulting from a lower- 


ing of the atmospheric pressure. 
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It is probable that lecithin or a similar phospholipoid is an 
intermediate step in the utilization of fat in animals, since, aside 
from the close chemical relationship, it has been shown on the 
one hand that accumulation of fat in the liver in various condi- 
tions is probably followed by a transformation into phospholipoid 
in the organ (1), that during fat absorption lipoid phosphorus 
increases in the blood (2), and that in diabetie lipemia (3) the 
high values for fat are alwavs accompanied by high lecithin 
values. On the other hand phospholipoid has been found to 
decrease in blood plasma during the formation of fat in milk 
secretion (4). In general it has been found that wherever there 
are variations in the fat of the blood they are accompanied by 
corresponding changes in the phospholipoid (3, 5). 

In continuing the study of the relation of the lipoid phosphorus 
to fat metabolism, it seemed desirable to include a study of other 
phosphoric acid compounds in the blood so as to discover what 
relation, if any, existed between them and the lipoid phosphorus 
and what form of phosphoric acid combination participated in 
the formation of phospholipoid from fat. For the purpose of the 
study, the lipemia produced by acute experimental anemia 
described by Boggs and Morris (6) was chosen as a beginning, 
since this type of lipemia is easily produced in rabbits, reaches 
remarkable heights, and has been recently the subject of a study 
with regard to the variations in the blood lipoids during the 
course of the lipemia by Hortuchi (7). Moreover, as the result 
of some experimental work in this laboratory it seems likely that 
the condition is not easily produced in dogs. which offers a means 
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of differentiating between changes referable to the lipemia and 
those due to regeneration of blood corpuscles. . 

In the lipemia which follows repeated large bleedings in rabbits, 
Boggs and Morris found total fat vaJues up to 4.5 per cent with 
fatty actds of high iodine value, and increase of lecithin, but no 
cholesterol. Horiuchi found similar high values for fat (total 
fatty acids) in plasma up to twenty-five times the normal value 
(4.4 per cent), increases of lecithin up to seven, and cholesterol up 
to eight times the normal values. The changes in the corpuscles 
were relatively much less, at no time rising much over twice the 
normal values for any of these constituents. Horiuchi found 
that the lipemia occurred whether the animal was on a high or 
low fat diet but was produced more readily and lasted longer on 
the high fat. In the work to be reported below a study has 
been made of the same condition from the point of view of the 
phosphoric acid compounds of the blood, both with the idea of 
inquiring into the relation of these compounds to the metabolism 
of fat and also of following the changes in these substances during 
the bleeding, in their relation to blood regeneration. It was 
desirable to find out for example which group of these compounds 
took part in the formation or resulted from the decomposition of 
lecithin and whether the organic phosphorus present in small 
amounts in plasma and in relatively very large amounts in cor- 
puscles bore any relation to the loss of the nucleus in red cells 
during their formation. 

A full discussion of the various phosphoric acid compounds of 
the blood was given in an earlier paper (8) but a short summary 
of the available knowledge on the subject will not be out of place 
here. In blood plasma, phosphoric acid is present as inorganic 
phosphate, as phospholipoid, and in small amounts as an unknown 
form soluble in acids; 7.e., organic phosphorus. In most samples 
of blood plasma the sum of the three—inorganic, lipoid, and 
organic phosphorus— is equal to the total phosphate within the 
limit of error of the determinations. In occasional samples 
another form of phosphoric acid combination is found which is 
insoluble in either acid ammonium sulfate or aleohol-ether, and 
which is probably nucleoprotein. 

In blood corpuscles the same groups of compounds are found 
and again the sum of inorganic, lipoid, and organic is found to be 
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equal to the total phosphate in practically all normal samples 
examined. Nucleoprotein is therefore not normally present. 
In amounts these forms are generally much larger than in the 
plasma, the organic phosphorus being relatively very large and 
forming the main phosphoric acid constituent of the corpuscles. 
(‘orpuscle values tend to be much more constant than those of 
plasma and the determination of phosphates in whole blood is 
therefore not to be recommended when enough blood is available 
that plasma and corpuscles may be examined separately. 

The methods used for the determination of the various phos- 
phonic acid compounds have already been described in full (9), 
but certain modifications have been found desirable and are 
given below. Tor reasons noted above, plasma and corpuscles 
were analyzed separately, the separation being made in all cases 
by centrifugation at about 3,800 revolutions per minute for 10 
minutes, 

Total Phosphate.—1 ce. of plasma and 0.048 ce. of corpuscles 
were found to be the most suitable amounts for the determination in 
rabbit blood, in which the phosphoric acid content of the plasma 
is lower and that of the corpuscles higher than in human blood. 
In the digestion the second stage (boiling of the concentrated 
acid for about S minutes) has been omitted since it has been 
found that nothing is gained by the continued heating while there 
is a real danger of loss of phosphoric acid either mechanically or 
by vaporization. Digestion is carried only to the stage where 
the water is completely driven off, then if the mixture is colorless 
it is cooled, sugar added, and then the mixture is treated further 
as directed. If not colorless after the heatings, 1 or more drops 
of the reagent are added as required and the mixture is again 
heated. After the final heatihg the sulfuric acid solution should 
be clear and colorless. In occasional samples a yellowish tint 
persists in the hot solution, disappearing on cooling, which is 
impossible to remove, but since it does not appear to affect the 
accuracy of the results it has been neglected. 

Standards Used.—Yor plasma 5 ce. of a standard containing 
0.84 mg. of H;PO, in 100 ce. of solution; for corpuscles 5 ec. of a 
standard containing 0.6 mg. of H,PO,; per 100 ee. (see note on 
standards below). 
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Lipoid Phosphate. In normal rabbit) plasma, alcohol-ether 
extract corresponding to 0.9 ce. of plasma was required. To 
obtain this amount 8 cc. of plasma were made up in 50 ce. of 
aleohol-ether as directed and 15 ce. used for the determination. 
As a standard 5 ec. of a solution containing 0.36 me. of HPO, 
per 100 ec. were used. In many eases a weaker standard (0.24 
my.) is desirable. 

In normal corpuscles the sample taken corresponded to O.18 
ec, of corpuscles in LO ec. of alcohol-ether extract (see note below 
on corpusele solutions). bor a standard, 0.6 me. of TE,.PO, in 
100 ce. was used, 

Acid-Soluble Phosphate. -Total) Acid-Soluble Phosphate.—-Yor 
plasma 5 ce. of extract corresponding to 0.6 ce. of plasma have 
been found most suitable with a standard of 5 ec. of solution con- 
taming 0.56 mg. of HyPO, per LOO ce. (properly adjusted as to 
salt content, ete). Inthe digestion with HeSO.-TINOs the sugar 
treatment has been found unnecessary and has been omitted. 

kor corpuscles 2 ce. of extract corresponding to 0.0384 ec. of 
corpuscles have been used with a standard containing 0.36 mg. 
of H,PO, per 100 ce. of solution. 

Inorganic Phosphate.—Yor plasma 2 ec. of extract correspond- 
ing to 0.24 ce. of plasma were used with 2 ce. of a standard con- 
fuming 1.2 mg. of HsPO, per LOO cc. 

(‘orpuscles.-The determination of inorganic phosphate in 
rabbit corpuscles has been found somewhat unsatisfactory. 
Values are widely variable and in one case (Rabbit B) protein 
was not completely removed by the acid ammonium sulfate. 
There is also uncertainty as to what extent the organic fraction 
is decomposed during the treatment, giving incorrectly ‘higher 
values for inorganic phosphate. However, results are given of 
the determinations, which are at least of comparative value. 
Ordinarily 2 ec. of the extract, corresponding to 0.096 ec. of cor- 
puscles, were used with 2 ec. of a standard containing 1.2 mg. of 
H.PO, in 100 ce. 

Standards. Correction of the nephelometric readings has 
been found unsatisfactory and, in order to avoid the necessity of 
correction, a variety of standard solutions has been used. By 
selecting a standard solution not more than 30 per cent stronger 
or weaker than the solution to be measured the need for correc- 
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tion is avoided. The standards are conveniently made up in 
100 ec. portions containing phosphate and salts as below. For 
total and lipoid phosphate in plasma and corpuscles, standards 
containing O.S4, 0.6, 0.56 me. of H-PO, in 100 ec. were used. 
In making these standards the phosphate solution is meastred 
into a 100 ce. graduated flask, alkaht equal to four times the 
amount used in neutralizing a single digestion mixture, ordinarily 
IS ce., is added, then 4 drops of 0.5 per cent phenolphthalein 
are added, after which the solution is titrated to neutralitv. with 
the I: 1 sulfurie acid. In order to prevent the growth of mould 
about 12 drops more of the acid are added, the solution is cooled, 
and made to the mark. Moulds grow slowly in the neutral solu 
tion and soon remove most of the phosphate from it. Addition 
of excess acid as above has been found to prevent their growth 
in all but an occasional instance. If mould is detected the solu- 
tion must be thrown out and a new standard made. 

For acid-soluble phosphate in plasma, standards containing 
0.24 and 0.36 mg. of phosphoric acid per 100 ce. were used. In 
making these solutions the phosphate is measured into a LOO ec. 
graduated flask, S drops of the phenolphthalein solution, 20 ce. 
of the alkali, and IS ce. of the acid ammonium sulfate are added, 
and the solution is titrated to neutrality. 12 mere drops of acid 
are added and the solution is cooled and made up to the mark. 
Moulds do not grow in this solution. 

For acid-soluble phosphate in corpuscles, standards containing 
0.36 and 0.6 mg. of H,PO, were found to cover the range of values 
found. In preparing these standards the phosphate is measured 
into the graduated flask, 8 drops of phenolphthalein, S ee. of 
acid ammonium sulfate, and 18 ce. of the alkali are added, the 
solution is neutralized, and 12 drops of extra acid are added as 
before. The solution is then cooled and made up to the mark. 

For inorganic phosphate in both corpuscles and plasma the 
standard as recommended (9) was found suitable except thar, 
since 5 ee. of the standard and test solutions gave suspensions too 
concentrated for accurate reading, 2 ce. of each were used. 

For these determinations and for nephelometrie work in gen- 
eral, exactly parallel conditions in composition of solutions, time 
of standing after addition of reagent, temperature, amount of 
shaking, ete., must be preserved. It is desirable to establish a 
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routine procedure which should be as closely followed as condi- 
tions will permit. 

Sampling of Corpuscles.—-In experiments which involve exten- 
sive bleeding, as in those described below, where the percentage 
of corpuscles falls to a low level it is necessary to practice some 
economy so as to get enough material to complete the various 
analyses. The tollowing scheme has been found satistactory for 
rabbit blood: 8 ce. of the separated corpuscles are measured 
into a 10 ce. graduated flask, the pipette is rinsed out, and the 
washings and warm water are added to fill the flask to the mark. 
The whole is well shaken. After standing for at least 10 minutes 
for hemolysis to take place (in the ordinary routine from $ to 1 
hour is allowed) and after again shaking, 4 ce. of the mixture are 
measured into acid ammonium sulfate in a 25 ce. flask for deter- 
minations of inorganic and acid-soluble phosphate. 3 ec. are 
measured into aleohol-ether for determination of lipoid  phos- 
phate and 2 ec. into water in a 25 ce. flask of which, after filling 
to the mark, 2 ce. are used for total phosphate. 

Direct determinations were made of total, lipoid, inorganic, 
and acid-soluble phosphate. Organic phosphate is found by 
subtracting inorganic from acid-soluble. 

The rabbits used in these experiments were on their ordinary 
diet of alfalfa and rolled barley which is a diet low in fat although 
containing more than the low fat diet used by Horiuchi. Blood 
samples were taken from the marginal car vein, approximately 
10 per cent of the blood volume (ealeulated as S per cent of the 
body weight) being taken daily. If the animal is previously 
exercised until the general circulation is stimulated and then the 
ear massaged a free and rapid flow of blood is obtained, vielding 
the desired amount in a few minutes. Clotting was prevented 
by the use of | per cent of saturated sodium citrate. The bleed- 
ing was continued daily until a satisfactory lipeniua was established, 
then less frequently and taking only enough blood to follow the 
conditions during recovery. (About 15 ce. of blood were required 
to furnish material for a complete analysis.) Results are given 
in Table I.) Six animals in all were studied of which complete 
reports are given of two while the others giving similar and less 
striking results are reported more brietly. 
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TABLE I—Continued. 


Phosphates per 100 ce 
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TABLE I—Concluded., 


Phosphates per 100 ce. 
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DISCUSSION. 
Lipoid Phosphorus. 


The most characteristic change is in the lipoid phosphorus. 
In the plasma it is always very much increased (up to five times 
its normal value), while in the corpuscles the increase is less 
marked, in only three cases rising to over twice the normal value. 
In the plasma the highest values for lipoid phosphorus are gen- 
erally found at the height of the lipemia and diminish as the 
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visible milkiness of the plasma diminishes. But even when the 
plasma has become eledr, high values for lpoid phosphorus per- 
sist for some days. In the corpuscles the highest values for 
lipoid phosphorus are not generally reached until some time after 
the height of the visible milkiness, or even after the plasma has 
been clear for a time and the values do not become normal until 
some days after the plasma values have become normal. 

The plasma begins to show milkiness at about the time the 
blood corpuscles are reduced to half their original number. This 
generally persists throughout the period of low corpuscle values, 
although in one case the plasma cleared after the first milkiness 
although the number of corpuscles was lower than when milki- 
ness first appeared. 

It was found in earlier work (2) that lipoid phosphorus increased 
in the blood corpuscles during absorption of fat in dogs, and it 
seemed likely that the corpuscles took an active part in fat 
metabolism by the transformation of fat into lecithin.! In human 
anemia (Bloor and MacPherson (5)) it was found that abnor- 
malities in the blood lipoids were present only when the blood 
corpuscles were reduced to below half their normal number, the 
abnormalities being ascribed to inadequate functioning of the red 
blood cells, due to their reduced number. In the results given 
above, increase of fat and its metabolites is found associated with 
low corpuscle values. Whether the same explanation holds—that 
the disturbance in fat metabolism, which shows itself in the lipemia, 
is directly the result of the inability of the smaller number of cor- 
puscles to perform this function in fat metabolism—or whether the 
lipemia is indirectly connected with the corpuscles in some other 
way, must be left for future work to decide. The results obtained 
in the work on the above type of lipemia indicate again, however, 
the probability of a participation of the corpuscles in the metab- 
olism of fat. 


! Further unreported work in this laboratory has not, however, entirely 
borne out these findings, since certain dogs have been found, in which the 
increase of lipoid phosphorus teok place in the plasma and not in the 


corpuscles, 


> 


W. R. Bloor IS] 


Tnorganie Phosphorus. 


Plasma.—In_ Experiment A, with strong lipemia, inorganic 
phosphate increased to twice the normal value and remained 
high throughout. In Experiment B, also with marked lipemia, 
the morganic increased, but not to more than 50 per cent above 
normal values. In Experiment C, with mild lipemia, increases 
of 70 per cent were found while in Experiment EF, phosphate 
first diminished and then inereased above the original value. 
In Kxperiment F, with mild lipemia, the inorganic phosphate 
diminished. In this case, however, it was unusually high to start 
with. 

It thus appears that in severe lipemia increases of inorganic 
phosphates are to be found, while in the mild lipemia a slight 
increase or a decrease may be present. In none of the experi- 
ments was a parallelism between inorganic and lipoid phosphate 
to be noted. In a study of fat formation during milk produc- 
tion, Meigs and coworkers (4) found that with the decrease of 
lipoid phosphorus in the blood during its passage through the 
mammary gland there was a corresponding increase in inorganic 
phosphate resulting from the setting free of phosphoric acid from 
the lecithin in its change into fat. In cases where there was 
much increase of lecithin, as in the above, one might expect a 
decrease in inorganic phosphate in the plasma. Instead, there 
is found an increase. Inorganic phosphate in plasma must be 
subject, however, to constant change; loss through the excretions, 
and addition from food or from phosphate stores, and the same 
cause which produced an increase of lipoid phosphate might 
also act to increase the inorganic phosphate, either by retention 
or by supply from the stores, in order to provide the material for 
formation of lecithin from fat. 

Another reason for expecting low rather than high values for 
inorganic phosphorus in the plasma is the formation of new 
blood cells, which are relatively very rich in phosphoric acid 
compounds. Diminution of inorganic phosphorus has actually 
been found in cases of a single withdrawal of blood (10). The 
same reasoning might be applied in this case as in the above— 
that with increased demand there is increased supply, and, as 1s 
usual in living beings, the supply is in excess of what was origi- 


t 
= 
; 
3 


182 Blood Phosphates in Lipemia 


nally present. The only case in which the plasma values remained 
below the beginning value was in Rabbit F, where the beginning 
level was unusually high. 

Corpuscles—In the experiment with Rabbit B, the acid 
ammonium sulfate did not completely precipitate the protein of 
the corpuscles, hence the values of inorganic phosphate are 
doubtful. In all other cases protein was completely removed so 
that the figures given are probably correct. In Experiments A 
and B, with high lipemia, the inorganic phosphate increases more 
or less parallel with the lipoid phosphorus. In Rabbit C, with 
moderate lipemia, inorganic increased but irregularly. In 
Rabbit I, it diminished; in Rabbit F, it diminished slightly. 
It thus appears that unless the lipemia is marked the changes in 
values for inorganic phosphate in the corpuscles are slight or 
negative, while with marked lipemia the inorganic phosphate 
increases more or less parallel with the increase in lipoid phos- 
phorus, and both are closely bound up with the appearance 
of the lipemia. An examination of Table I will show that in 
most cases high values for inorganic phosphorus in the corpuscles 
are accompanied by high values in the plasma, but there are 
many exceptions and nothing like a parallelism can be observed. 

These results bring into discussion the whole question of the 
presence of free phosphates in blood. Taylor and Miller (11) 
found only traces which confirmed the earlier observation of 
Giirber (12). No water-soluble phosphate is extracted by the 
treatment of blood with aleohol-ether in the determination of 
lipoid phosphorus above, although phosphoric acid and water- 
soluble phosphates are measurably soluble in that solvent. In 
the results given above, there is rarely to be observed a balance 
or parallelism between inorganic phosphate in plasma and cor- 
puscles. In rabbit as in human blood, the inorganic phosphate 
in the corpuscles is generally much higher than in the plasma. 
These observations render improbable any free exchange by 
diffusion of phosphate between corpuscles and plasma, such as 
would be expected if phosphate were present in the free form. 
On the other hand, Greenwald (13) and later Feigl (14), by 
treatment of the blood to remove protein with hot trichloro- 
acetic acid, and the writer, by faintly acid, saturated ammonium 
sulfate, were able to get protein-free extracts which undoubtedly 
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contained free phosphate. Whatever objection may be raised 
to the use of hot trichloroacetic acid as being likely to break up 
unstable organic compounds of phosphoric acid cannot be urged 
as regards the cold treatment with the mildly acid ammonium 
sulfate and the inference is that inorganic phosphate must be 
present in the blood although not in a water-soluble, diffusible 
form. As was pointed out previously, there is enough calerum 
and magnesium in blood to combine with all the phosphate pres- 
ent, and at the prevailing reaction of the blood to form insoluble 
compounds with it. Another explanation which is in line with 
modern ideas is that the phosphate is combined with blood pro- 
tein in such a wavy as to hinder or prevent its free diffusion. 
When the blood is deproteinized with reagents which readily 
dissolve phosphate-——as with either of the acid reagents men- 
tioned above—it is loosed from its protein combination and 
passes into solution. The fact that acid reagents dissolve phos- 
phate while neutral reagents, as alcohol-ether, do not renders it 
probable that the phosphoric acid is present in a form insoluble 
in neutral solvent—as would be the case if combined with calcium 
or magnesium or with protein at the prevailing reaction of the 
blood. 

Attention may be called to the fact that the amount of phos- 
phate passing through the blood plasma daily is much greater 
than the amount constantly present. Thus the normal human 
being will excrete and normally consume with the food about 
3 gm. of H3;PO, per dav, while the amount present in the whole 
blood plasma would not be more than about one-eighth that 


amount. 


Organic Phosphorus. 


Corpuscles.-Organic phosphorus in corpuscles is subjeet in 
general only to small and irregular variations, indicating that 
this constituent is constant in the corpuscle from the time of 
formation, even under the stress of severe hemorrhage. The 
amount is also remarkably constant for all the animals reported 
here. The same may be said of the values obtained from a study 
of rabbit blood for another purpose, which included the examina- 
tion of about twenty normal rabbits (10). Organie phosphorus 
in this amount appears to be characteristic of rabbit corpus- 
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cles. In the series reported above, notably in the case of 
Rabbit I. and, to a certain extent, in Rabbits C and IF, values of 
15 or 20 per cent above the beginning values are found, but these 
serve only to emphasize the stability of values for this con- 
stituent. Low values are practically never found, and the high 
values may come at any time in the experiment after the anemia 
is established. 

Plasma.—Organic phosphorus in the plasma is subject to great 
and irregular variations, so that very little can be said about it. 
In general, values are reached in the course of the bleeding which 
are much higher than those found at the beginning of the experi- 
ment. On the other hand, very low values are also found. No 
relation can be discovered between this constituent and the 
lipoid fraction, on the one hand, or the inorganic fractions, on 
the other. Normatly, organic phosphorus has been found in the 
plasma of all the animals examined. During bleeding, it gen- 
erally increases, but may disappear altogether at times, as in 
Rabbit B. It is possible that this constituent is connected on 
the one hand with the loss of the nucleus in the red cells, and 
with the presence of organie phosphorus in urine on the other. 

Nucleoprotein, Ete.—In the normal animal, the sum of aecid- 
soluble Gnorganie and organic) and lipoid phosphorus is about 
equal (within the limits of error of the determinations) to the 
value of the separately determined total phosphate, so that the 
presence of notable amounts of other combinations of phos- 
phorus—as, for example, nucleoprotein—is doubtful. In the 
course of the experiments it will be noted, however, that the sum 
of these fractions in both corpuscles and plasma is generally 
below the value for total phosphates, and sometimes markedly 
so, and it is therefore probable that some nucleoprotein is present 
during the anemia. 7 

Qn the other hand, the sum of acid-soluble and lipoid some- 
times gives a value notably higher than the total phosphate, 
which would indicate at those times some overlapping; 2.é., 
some unusual substance is present which dissolves in both the 
acid ammonium sulfate and the alcohol-ether. 

Corpuscle Volume during Hemorrhage.—-It is well known that 
in anemia corpuscles irregular both in shape and size appear 
and the abnormality in size is well illustrated in Column 5 of 
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Table 1. The value ‘‘Corpusele volume’ was obtained by divid- 
ing the pereentage volume of the corpuscles as shown bv the 
hematoerit by the number, as obtained in the count. For 
example, in lL e.mm. of blood, the number of corpuscles is known 
from the count while the volume which they oceupy would be 
the fraction of | ¢.mm. represented by the percentage. Thus, with 
a count of 5.0 millions, and a corpuscle percentage of 51.0, the aver- 
age volume of the individual corpuscle would be 0.51 5,000,000, 
10> e.mm. As may he seen from the table, the aver- 


or Gz xX 
age corpuscle volume invariably rises during the course of the 
bleeding, sometimes to over 50 per cent above the beginning 
volume. As recovery takes place, the volume falls to the normal 
level for the animal or below it. Whether the increase in size is 
due to swelling of normal corpuscles, or whether some of the 
corpuscles are abnormally large when formed cannot be definitely 
determined from the data at hand, but the relative constancy of 
the value for organic phosphorus would indieate the latter. 

Is there anything in the composition of the corpuscles to indi- 
eate whether they are voung or old? Masing (15) from the 
results of similar experiments on rabbits and geese is of the 
opinion that the lpoid phosphorus content of the erythrocytes 
may be taken as a criterion of the age of the cells. In the work 
above the most marked difference between the composition of 
the corpuscles at the beginning and during the experiment, 
which might be taken as a criterion of the presence of newly 
formed corpuscles, is in the lpoid phosphorus content, which 
always rises during the hemorrhage and is the slowest of all con- 
stituents to return to normal values. The next most notable 
constituent is the organic phosphorus fraction, which also gen- 
erally rises during the anemia. The increase above beginning 
values of this constituent is, however, relatively small and irreg- 
ular. Whether these changes are due to the lipemia or are refer- 
able to the newly formed corpuscles cannot be stated. Present 
evidence on the dog indicates that in this animal, which appar- 
ently does not develop lipemia from bleeding, neither of these 
constituents is affected, which would lead one to the conclusion 
that changes in these values in the rabbit are referable to the 
lipemia. 
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While no exact relation has been found between the lipoid 
phosphorus and the other phosphorus compounds of the blood, 
it may be seen that in severe lipemia there is a marked increase 
of both inorganic and lipoid phosphorus in ‘both plasma and 
corpuscles. Slight changes in lipoid phosphorus are not accom- 
panied by corresponding changes in inorganic phosphorus. 


SUMMARY AND CONCLUSIONS. 


Of the phosphoric acid compounds of the blood, the one most 
markedly affected by anemia and consequent lipemia, is the 
lipoid phosphorus. Values up to five times the normal have 
been found in plasma, and to twice or over the normal value in 
the corpuscles. 

When the lipoid phosphorus is markedly above normal! in 
either plasma or corpuscles, there is an accompanying increase of 
inorganic phosphate, but no corresponding change in the other 
forms of phosphorus. Inorganic phosphorus thus appears to be 
the form most directly related to the lipoid phosphorus. 

Organic phosphorus in the corpuscles remains remarkably 
constant throughout the experiments, the changes noted being 
relatively small, so that this constituent in the amounts noted 
appears to be characteristic of rabbit corpuscles from the time 
of formation. Organic phosphorus in the plasma varies greatly, 
sometimes being entirely absent. It generally increases during 
the bleeding. 

The only form of phosphorus which is notably higher in newly 
formed corpuscles than in older ones is the lipoid phosphorus. 
Whether the higher values are characteristic of voung corpuscles, 
or are due to the lipemia, cannot be stated. 
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HEMATO-RESPIRATORY FUNCTIONS. 


VII. THE REVERSIBLE ALTERATIONS OF THE H CO : NaHCO EQUI- 
LIBRIUM IN BLOOD AND PLASMA UNDER VARIATIONS 
IN CO TENSION AND THEIR MECHANISM.* 


By HOWARD W. HAGGARD anp YANDELL HENDERSON, 


From the Physiological Laboratory, School of Medicine, Yale l'niversity, 
New tlaven.) 


(Received for publication, September 29, 1920. 


It has been universally assumed that alterations of the gaseous 
and acid-alkali equilibrium of blood under the intluence of vari- 
ations in the tensions of oxygen and COs are readily and completely 
reversible. The simplest conception of the process involved is 
as follows: 

Hydrogen and chlorine ions (HCI) pass back and forth between 
the plasma and the corpuseles in response to variations of CO» 
tension, each time that the blood makes the round of the circula- 
tion. Thus Na in the plasma is released from NaCl to form 
NallCOs, as the blood comes to the tissues: and this Na is again 
neutralized to NaCl as CO. passes off in the lungs. The higher 
the tension of de, ana the concentration of in solution, 
the more Cl is displaced; and, in the proportion expressed by the 
(0) dissociation curve, the more NaHCO. is formed. 

{t follows from this that the tension of CO. —-at the moment, 
for instance, that the corpuscles are centrifuged off — determines 
(along a plasma curve dependent upon that of the whole blood) 
the quantity of alkali bicarbonate in the plasma. ‘The power of 
separated plasmna to vary its content of bicarbonate through the 
mediation of its proteins, although greater than that of a mere 
solution of Nall@O., is much less than that of whole blood. 


* This and the following papers are continuations of work published by 
usin this Journal some months ago under the same general title (1). All 
these investigations were performed at about the same time (1918S) and 
under the same conditions and collaboration, 
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This in brief is the present state of knowledge (2-5). 

Some investigators (6, 7) have recently inclined to the view 
that hemoglobin itself is the principal CQO,-transporting agent. 
The evidence indicates, however, that hemoglobin, at least when 
in unlaked corpuscles, plays its part chiefly by absorbing acids 
and thus unmasking alkali from neutral salt to form bicarbonate. 
It is this action of the corpuscles which enables the plasma to 
transport CO.. Probably also the same reaction occurs in respect 
to the fluid within the corpuscles since, under variations of COs 
tension within physiological limits, and apart from the influence 
of oxygen, the corpuscles in normal blood take up and give off 
again (in vitro) an amount of CO. of about the same order of 
magnitude as an equal volume of the plasma. 


We here intentionally avoid the question as to whether hemoglobin 
acts in the blood as an acid or asa base. We have therefore made use of a 
phraseology, e.g. ‘“‘acid-concealing power, HC] load, and alkali-producing 
eapacity of the corpuscles,’’ compatible with any intracorpuscular mech- 
anism-——whether it finally turns out that hemoglobin acts by adsorption, 
or by chemical combination, as an acid or as a base or both. 

If at the Cw prevailing in normal blood hemoglobin acts as an acid, as 
present theory seems to indicate (S), the absorption and concealment of 
HCl by the corpuscles may consist in some such reaction as: Hb B+ HCI 
= Hb.H + BCL. If on the contrary it acts as a base then presumably 
Hb.OH + HCI] = HbCl + H,.O or else Hb + HCL = Hb.HCl. = It is cer- 
tain, however, that it is not alkali hydroxide, but acid (chiefly HCl) which 
passes in and cut between corpuscle and plasma. 

Present information and variety of opinion on this and related topics 
miay be seen in the papers of Davies, Haldane, and Kennaway (%), Gray 
(10), Joffe and Poulton (11), Campbell and Poulton (12), Dale and Evans 
(13), and Mellanby and Thomas (14). All these papers reached us after 
our own were ready for press. Many of the observations of these writers 
agree, but one paper (14) disagrees decidedly in its interpretation, with 
Ours, 

The peculiar feature of our discussion is that we have thought of the 
blood as a system which, when it has no tension of CQ,, contains no alkali 
bicarbonate. Starting from this assumption (verifiable by the experi- 
ment of evacuating the blood in a vacuum) we are justified, we think, in 
treating any NaHCO, which oecurs in blood as called forth by the existing 
tension of CO, by action on the corpuscles. 1 


Thus hemoglobin is almost as essential for the transportation 
of COs by blood as it is for the transportation of oxygen, but its 
modes of action in relation to the two gases are quite different. 
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The following experiments illustrate the reversible reaction 
under the influence of COs. They will serve us as a background 
for dealing in succeeding papers with an irreversible alteration 
of the CO, ratio, and its bearing upon the interaction of oxygen 
and COs in blood and upon hemolysis. Our experiments on these 
topics are published now, not because we can as vet fully explain 
the phenomena, but because of the interest which this general 
field of work is exciting, and because investigators unaware of 
this peculiar irreversible effect may be led to quite erroneous 
conclusions regarding some phases of the hemato-respiratory 
functions, 

The normal reversibilitv of the COs-alkali equilibrium may 
be illustrated as follows: 


Experiment 1-—-Blood was drawn through a cannula from the femoral 
artery of a dog under local anesthesia with cocaine, and was delivered under 
mineral oil in a test-tube, where it was mixed with 0.005 gm. of ammonium 
oxalate per cc.; 7.¢., 0.5 per cent. 

It was divided into two samples which were treated as follows: 

Sample A was equilibrated at 37°C. with air containing 70 mm. of COs». 
A part was then analyzed for its CO, content. The remainder of this 
sample was then equilibrated with 40 mm. of CO. and analyzed. 

Sample B was equilibrated in succession with the same tensions of COh, 
but in reverse order. 

The analvses showed CQO, contents as follows: 


Sample A. At 72mm. = 56 volumes per cent of CO, 


(This demonstration of perfect reversibility may seem, now at least, so 
perfectly obvious as not todeserve publication, but it is essential as a con- 
trol for comparison with the observations to be reported in succeeding 
papers.) 


The Behavior of Plasma in Contact with Corpuscles and After 


paration, 


As long as a plasma forms part of a normal blood and is in 
contact with its corpuscles its content of bicarbonate rises and 
falls, within phvsiological limits of CO, tension and apart from 
the oxvgen effect, in close parallel with the CO. content; that is, 
with the dissociation curve of the whole blood. Above normal 
limits of CO, tension the plasma takes up less than its share of 
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any increase of (Os. content, and further absorptions of COs, 
aside from mere solution, are effected almost wholly by the 
corpuscles, 

From any blood there may be obtained many plasmas of widely 
varied bicarbonate content, and each of these plasmas has, after 
separation from the corpuscles, its own particular form of behavior: 
that ais, its own dissociation curve. The plasma proteins are 
evidently able to function like the corpuscles in providing alkali, 
but less effectively. Thus there is a primary plasma curve, which 
within certain limits of CO. tension closely parallels that of the 
Whole blood when normal, but not when abnormal. This curve 
is obtained by centrifuging the blood at various tensions of CO. 
and analyzing the plasmas at these tensions. But each of these 
plasmas, when exposed to various tensions of CO) after separation 
from corpuscles has a curve of its own, and (as has been shown 
previously by Hasselbalch and Warburg (15)) these secondary 
eurves are flatter than the primary curve and cross it at the COs» 
tensions at which the blood was centrifuged. 


Er periment Oxalated dog blood was divided into two samples which 
were equilibrated at 37°C. to tensions of CO, of 40 and 5S mm. respectively. 
The CO. eontent of the blood was then in each case determined. The 
plasmas were separated by the centrifuge, at 37°C. and under the equil- 
brating atmospheres, and their biearbonate contents were determined. 


tension 
Rise in COs 
content 
40 mon §S mm 


rol. per cent rol. per cen? rol per cent 


ticarbonate content of ee. of whole blood b 
éé sé sé plasma . aS 
Difference between blood and plasma... le 


It is here seen that, within the limits of the experimental con- 
ditions, the CQ. content of the plasma has a constant difference 
from the CO. content of the whole blood from which it is separated, 
and that the bicarbonate content of the plasma is controlled by 
the CQ, tension in the blood at the moment of separation. In 
blood drawn from various individuals (dogs) we find that the 
plasma-blood difference has various values, the figures for the 
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plasma being sometimes lower and sometimes higher than for 
the whole blood. But in all normal bloods the type of relation 
here shown holds true; that is, within physiological limits of 
(‘O, tension the plastma-blood difference is nearly constant. This 
seems to indicate that, apart from the change in volume of the 
corpuscles, and apart from the oxvgen effect, the plasma and the 
corpuscles, at all moderate tensions of CO:, take an equal share 
in the absorption and release of CO... This aecords fully with 
the observations of Van Sivke and Cullen (4) on this important 
point, 

This relation of plasina and corpuscles holds true so generally 
that we have used it as a test that the sample under study ts 
normal resting blood. Blood is easily altered in this respect; 
for example, by overaeration in the process of defibrination, by 
gascous evacuation, and similar treatments involving the trre- 
versible effect deseribed in succeeding papers. 

In the next two experiments it will be seen that the plasma not 
only varies in its COs content according to the tension of CO. 
at which it is separated from its corpuscles, but also that when 
these plasmas—all from the same blood--are equilibrated with 
Various tensions of COs each has its own dissociation curve. 


Erperiment 8--Oxalated dog blood was divided into three portions 
which were then equilibrated with air containing CQ, at 21, 40, and 73 mm., 
respectively at 40°C. 1 ce. of each was analyzed and the remainder of 
‘ach was centrifuged. The plasmas from the first and third (the second 
was lost) were then equilibrated with CO, at 21, 40, and 73 mm. at 40°C, 
and analyzed. The results obtained (after subtraction of dissolved CO) ) 
were as follows: 


("Oh tension 


Zimm. 40mm. 73 mm 


ral per cent rol. per cent rol per ce nt 


Plasma separated at 40 | 52 


Experiment 4. Oxalated dog blood was divided into three samples 
and treated as in the previous experiment. The (=) sign is used to sig- 
nify ‘“‘eontained.” The amount of combined CO, is stated after it. 
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Sample A. At 2l mm. CO, = 32 volumes per cent CO:, its plasma = 35 
volumes per cent CO,, and at 21 mm. CO, = 35 volumes per cent CO, 
49 CO, = 39 
72 CO, = 45 
Sample B. At 40mm. CO, = 40 volumes per cent COs, its plasma = 44 
volumes per cent CO,, and at 21 mm. CO, = 41 volumes per cent CO, 
49 “ CO, = 4 
Sample C. At 72mm. CO, = 51 volumes per cent COs, its plasma = 54 
volumes per cent CO,, and at 21 mm. CO, = 47 volumes per cent CO, 
72 “ CO. = 5 + 
These data are expressed graphically in Fig. 1. 
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Fic. 1. From the data of Experiment 4. 


The limit of the plasma-corpuscle interplay of chlorine is shown 
in the next experiment. Here the passage of chlorine into the 
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corpuscles and the unmasking of sodium in the plasma to form 
NaHlCOs is seen to become inadequate between 74 and 140 mim. 
of COs. The curve for the whole blood and that for the plasma 
then become divergent, and the difference between the CO, 
contents of blood and plasma increases. The plasma at such 
tensions would do much less than its share in the transportation 
of CO. Up to 74 mm., the relation formulated in connection 
with Experiment 2 still holds true, however. 


Eeperiment 46. Oxalated dog blood was divided into four portions, 
which were equilibrated separately with tensions of CO, of 42, 74, 140, 
and 360 mm. CO, respectively. Part of each was analyzed; and the remain- 
der was centrifuged and its plasma analyzed. The results were as follows: 


tension. 


j 
(642mm. 74mm. MOmm. 360mm. 


vol. | pol. | vol rol. 
per cent per cent per cent per cent 
Combined CO, of whole blood... 47 58 | | 110 
| 49 | 55 | 70 | 


Difference between blood and plasma........ +2 | 42 | —5 |—17 


| 


Experiment 6 Oxalated dog blood was divided into seven samples 
and equilibrated at 40°C. at the tensions of CO, shown in the table. A 
part of each sample was analyzed directly and the remainder centrifugal- 
ized under oil and its plasma analyzed. 


(‘Os tension at 40°C. 


| 


2lmm, | 41mm.) 72mm. ‘210mm 440mm. 504mm 712mm. 


rol. vol. rol. vol. vol. rol, vol. 
per centiper cent per cent per cent. per cent per cent per cent per cent per cent 
Whole blood.) 30 42 | 54 | 66 | 72 | 7 | 80 | 79 | SO 
PIMA. ..... J4 4 | 56 | | 62 | 60 | 58 


Krom Experiment 6 it appears that when blood is exposed to 
increasing tensions of COs the amount of alkali produced in the 
plasma reaches a maximum between 72 and 146 mm. and that 
the amount of CO. combined by the corpuscles reaches its maxi- 
mum somewhat below 440 mm. 
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Parallelism of Primary Plasma Curve and Whole Blood. 


The parallelism of the primary plasma curve and that of the 
Whole blood means sumply that, under the influence of changes 
of CO. tension (but with uniform oxveen), the concentration of 
alkal: biearbonate rises and falls equally inside the corpuscles 
and in the plasma surrounding them. If this were not the case, 
the inside the corpuscles and that ino the plasma would be 
influenced unequally by variations of CO. tension. (We are here 
neglecting the influenee of oxvgen upon CO. capacity and we are 
assuming that the only condition determining Cy, is the CO. 

In altered blood in which this parallelism does not hold, ether 
such differences of Cy, inside and outside the corpuscles are devel- 
oped or the hemoglobin undergoes some alteration of its acid- 
absorbing power, such as an increased capacity for interaction of 


oxvgen and CO), 


Relation of Plasma Alkali to HCl Load of Corpuscle s, 


It appears also from the foregoing experiments that it is quite 
misleading to think of the plasma as having, independently of 
the corpuseles, a certain alkali value. Just as an organism 
dominates its environment, so the corpuscles control the con- 
centration of bicarbonate in the fluid around them. vary 
itunder the influence of variations In COs tension and When 
the plasma alkali as determined by analysis, what is revealed is 
fundamentally the alkali-producing power of the corpuscles and 
the lord of HC] which they are capable oftaking. As willbeshown 
In the next paper, corpuscles which have the quality of inducing, 
at a certain tension of CO., a certain amount of alkale— be it 
large or small induce nearly that amount of “alkaline reserve” 
even in normal saline solution, 

The enormous buffer value of hemoglobin endows the blood 
with a potential alkaline reserve which is much larger than the 
plasma alkali. Phe plasina alkali represents merely that fraction 
of the alkali-producing power which is called into use at a certain 
tension of concentration of and (yy. 
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CONCLUSIONS. 


Hemoglobin plavs almost as large a part in the transportation 
of (Os as it does in that of oxvgen. It does not itself combine 
directly with COs to any great extent. however; but under pres- 
sure of CO. it absorbs HCl, and thus provides alkali, which in 
the plasma ais chiefly Na from NaCl, to form biearbonate. As 
(‘Oo is given off in the lungs, NaCl is reformed from 

From any blood, therefore, plasmas of widely varving content 
of alkali are obtaimed, depending upon the tension of CO. at the 
time of centrifuging. fach of these plasmas has various alkali 
values with varied tensions of COs. The relations of the primary 
and secondary dissociuition curves of the plasma to each other 
and to the curve of the whole blood are here exemplified, 

A quality of normal blood from a resting animal is that varia- 
tions of COs tension (in the presence of ample oxygen) call nearly 
the same increase of alkali into use in unit volume of the blood 
as in unit volume of its unseparated plasma. Thus the bicarbon- 
ate content of the corpuscles (apart from the effect of variations 
of oxygen) rises and falls with that of the plasma around them. 
But this does not hold at abnormally high tensions; and at very 
low tensions, as will be shown in later papers, the blood undergoes 
alteration. parallelism of alkali variations in 
corpuscles and plasma affords, therefore, a convenient test as to 
Whether or not a given blood sample is normal, 

[ft is probably by means of the equality of gain and loss of 
bicarbonate that the Cy, inside the corpuscles and that outside 
them in the plasma are kept the same, or at least in uniform: rela- 
tion. The Cy indieated by the primary plasma curve at various 
tensions of COs in the blood is particularly significant. 

It thus appears that the corpuscles dominate the plasma so 
powerfully that the of the Cunseparated) plasma at a 
certain tension of COs. is essentially an expression of the alkali- 
producing power of the corpuscles. The plasma alkali is only 
a part of the total alkaline reserve of the blood. The chief 
buffer is the hemoglobin. The extent to which the corpuscles 
are loaded with HCl is indicated by the amount of alkali which 
they call into use out of NaCl at a certain tension of CO.; that 
is, the COs capacity of the blood. 
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The condition underlying the variations in this quality of the 


corpuscles will be considered in the next paper. 
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VIII. THE DEGREE OF SATURATION OF THE CORPUSCLES WITH 
HC! AS A CONDITION UNDERLYING THE AMOUNT OF 
ALKALI CALLED INTO USE IN THE PLASMA. 


By HOWARD W, HAGGARD ann YANDELL HENDERSON, 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


It is shown in the preceding paper that the alkali of the plasma, 
chiefly NaH[CQOs;, is not an independent property of that fluid, 
but is controlled and determined by the corpuscles. From this 
it follows that when a figure for the plasma alkali, for instance 
40, 55, or 70, is found by analvsis, its significance for the blood 
lies in large part in what it tells of the quality of the corpuscles. 

In this paper we shall report experiments which throw some 
light on this quality of the corpuscles. What are the conditions 
which determine why owe blood, when equilibrated witha certain 
tension of CQO. (for instance 40 mm.), develops a plasma alkali of 
40, while another blood at the same tension develops 55, and a 
third 70? The experiments given below indicate that one of the 
conditions in question is the extent to which the corpuscles are 
loaded with HCl. 

It will here appear that the amount of alkali developed in the 
plasma of any blood equilibrated to 40 mm. of CO. tension is an 
index of the extent to which the corpuscles have been previously 
depleted of alkali-producing power. If they are heavily loaded 
already they can take additional HCI less readily, and thus develop 
less alkali in the plasma than if previously only lightly loaded. If 
on the contrary the load of the corpuscles is artificially decreased, 
by the treatment described below, they will then take HCl more 
readily and thus produce a higher plasma alkali than they were 
previously able to do. ‘Thus, as we shall show, any corpuscles 
may be made to furnish any plasma alkah. 
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The underlying reasons for this behavior of corpuscles are 
probably to be found (1) in the capacity of hemoglobin to com- 
bine with large amounts of acid, or alkali, under sheht change 
of Cy,--in other words its extraordinary buffer value; and (2) in 
the tendency of normal corpuscles to maintain within certain 
limits the same Cy,;, or at least the same difference of Cy,, in the 
fluid around about them and in their own intrinsic fluid under 
variations of CO. tension, 

To Zuntz (1) and to Hamburger (2) we owe the clear recogni- 
tion and demonstration of the fact that under the influence of 
“COs there is a passage of HC] between plasma and corpuscles. 
Giirber (3), Van Slyke and Cullen (4), and Fridericia (5) have 
proved by chloride analyses that the amount of HCI] formed 
from NaCl and passing into the corpuscles corresponds to the 
greater part of the amount of alkali bicarbonate produced. 

Starting from this point, our experiments show the really 
enormous smounts of HCl which the corpuscles are capable of 
taking up under slight increase of the COs ratio and C,,;. These 
observations illustrate the effeetiveness with which the = cor- 
puscles stabilize this ratio (HeCOs;:NaHCOs,), and therefore the 
(y;, in the plasma. The conception of the ‘HCl load of the cor- 
puscles,”’ here introduced, suggests that the real source of the 
alkahl of the plasma is not the alkali of thre food, but the NaCl of 
the blood. It follows from this conception that, for instance, if 
two plasmas, separated in both cases under 40 mm. of COs, show 
CO. contents respectively of 50 and 60 volumes per cent, the 
HCl loads of the corpuscles in the two cases must differ by an 
amount very much greater than a quantity. of HCl which would 
correspond to 1O volumes per cent of COs. From this coneep- 
tion we may safely infer that when the body is striving to eall 
alkali into use in the plasma through depressed breathing and 
acidosis, or to cause alkali to disappear through acapnia and 
alkalosis, the variations induced in the HCI load of the corpuscles 
must be very large indeed— much greater than analyses of plasma 
CO. would directly indicate. 

The method of experimentation was as follows: Samples of 
oxalated dog blood were equilibrated with various tensions of 
CQO. and the plasmas separated by the centrifuge. The cor- 
puscles were then washed once with normal saline solution (0.9 


j 
| 


H. W. Haggard and Y. Henderson 201 


per cent NaCl solution with no tension of CQ.), recentrifuged, 
and then made up to the original blood volume with fresh saline 
solution. The resulting suspension was thoroughly mixed, and 
was then equilibrated with CO. at various tensions. Finally 
the saline solution was separated from the corpuscles by means 
of the centrifuge; and the bicarbonate which had been formed 
in the saline was determined. 

All the operations of equilibration, centrifuging, and analyzing 
were carried out at a summer room temperature of 30°C, 


Sa 


‘Combined | ‘Combined 
COs in COs in 
Sample Sample 
rol. vol. LE 
per cent percent 
(1) Blood equilibrated with (1) Another sample of same Me: 
41 mm. CO. and cen- | blood equilibrated 
trifuged. | with 712 mm. CO, 
| and centrifuged. 
Its plasma at 41mm...) 48 | Its plasma at 41 mm... SO a 
| | 
(2) Corpuseles (from  <A1) | | (2) Corpuseles (from BI) 
washed, mixed with | washed, mixed with 
saline, and equilib- | saline, and equilib- 
j rated with 41 mm. | | rated with 41 mm.) if 
COs. | | | 
Corpuscle-saline suspen- Corpuscele-saline suspen- 
Saline centrifuged off. . 7 46 | Saline centrifuged off.... 29 
3) The same corpuscle- (3) The corpusele- 
saline suspension (as | saline suspension (as 
A2) equilibrated at. | B2) equilibrated at 
712 mm, CO, and cen- | | 712 mm. CO, and 
trifuged. | | eentrifuged. 
This saline at 41 mm. | | This saline at 41 mm. 


In Experiment 1 it is to be noted that (in Samples Al and A2) 
the figures for the alkali called into use by these corpuscles at 
41 mm. of COs in the natural plasma and in a saline solution are 
nearly the same; namely, 48 and 46 volumes per cent of COs. 
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Note that similarly (in Samples A838 and Bl) equilibration at 
712 mm. of COs also calls into use nearly the same amount of 
alkalt from natural plasma and from saline; namely, 77 and SO 
volumes per cent of COs, 

Note on the other hand that after the corpuscles have received 
an inereased load of HCl] under the influence of a high tension of 
COs (as in Sample Bl) their power of calling alkali into use is 
diminished, for example from 46 Gn Sample A2) to 29 (in Sample 
B2) and from 77 (in Sample A838) to 40 volumes per cent (in 
Sample 

We have found in other experiments, in which the CQO. dis- 
sociation curve of whole blood was determined up to very high 
tensions (700 mm. and over), that above certain limits no 
more alkali is called into use, and additional COs is taken up only 
in simple solution (see Experiment 6 of the preceding paper). 
From this it might be supposed that the total alkali-producing 
power of the corpuscles had been called into use, and that the 
combined COs, at, for instance, 450 mm. could be taken as a 
measure of it. 

But from experiment | it appears that such is not the case; for 
the same corpuscles which (in Sample BL) produced an alkali of 80 
in their own plasma at 712 mm. had still the power to produce 
considerable additional amounts of alkali in saline (Samples B2 
and B38). Evidently the alkali-producing force is balanced against 
the alkali (or the Cy) already in the fluid, either plasma or saline. 
(Quantitatively there are discrepancies in our data from whole 
blood, the preceding paper, from corpuscle-saline 
suspensions, 


Kerperiment 2. Blood (from same dog as in Experiment 1) equilibrated 
with 712 mm. of CO., and centrifuged as in Sample B of Experiment 1. 

The corpuscles were then mixed with saline to which a small amount of 
sodium bicarbonate had been added. The suspension was then equilib- 
rated with 41 mm. of CQ. and centrifuged. 

Saline-bicarbonate solution at 41 mm. CO, before addition of corpuscles 
= 49 volumes per cent COs. 

Saline-biearbonate solution after centrifuging = 10 volumes per cent CO». 


Experiment 3. 
Sample A. Arterial blood centrifugalized. 


Plasma bicarbonate at 41 mm. = 36 volumes per cent COs. 
Sample B. The corpuscles (from Sample A) mixed with saline and 
equilibrated with 41 mm, COs. 
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Saline centrifuged off at 41 mm. = 33 volumes per cent CO». 

Sample C. The corpuscles (from Sample B) were again mixed with fresh 
saline, and again equilibrated to 41 mm. CQO:, and centrifuged. 

This saline at 41 mm. = 28 volumes per cent CO». 

Sample D. The corpuscles (from Sample C) were mixed with saline 
a third time, equilibrated to 712 mm. CO», and centrifuged. 

This saline at 41 mm. = 54 volumes per cent COs. 

Total of plasma and salines = 151 volumes per cent COs. 

(The equal sign (=) is here used to signify that the saline or plasma 
was found on analysis to contain the indicated amount of combined CO; 
v.e., NaHCOs. 


Karperiment 4. 


Combined Combined 


COsin 

| Sample | | Sample 

A. B. 

| vol. 
per cent per cent 


(1) Blood rotated for a few 
minutes in a flask | 
with room air and. 


| 
| (1) Another sample of | 
| same blood equilib- | 
rated at 712 mm. CO, | 


centrifuged. | and centrifuged, 
Plasma at 41 mm. COs... Plasma atdimm.CO,., 91 
| | | 
(2) Corpuseles (from Sam-_ | (2) Corpuseles (from Sam-_ 
ple: Al) washed, | ple Bl) washed, | 
mixed with — saline, | mixed with saline, | 
and equilibrated at and equilibrated at 
41 mm. COs. | | 41 mm. CO». | 
Corpusele-saline | Corpuscle-saline 
Saline centrifuged off...) | Saline centrifuged off. 3b 
| 
(3) Corpuseles (from Sam- (3) The same corpusele-_ 
ple A2) suspended in saline suspension (as | 
fresh saline, equilib- Sample B2) equilib- | 
rated with 712 mm. rated with 712 mm. 
CO, and centrifuged. CQ, and centrifuged. 
This saline at 41 mm. This saline at 41 mm. 
Total of plasma and salines. — IS9 Sum of (1) and (3)....... IS2 


Experiment 5. Arterial blood was used. It contained 40 volumes per 
cent of CO,. It was centrifuged, and the corpuscles were found to con- 
stitute almost exactly 50 per cent of the volume. The plasma contained 
10 volumes per cent of CO, 
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The corpuscles were divided into four parts and suspended respectively 
in saline solution (O.\S per cent NaCl), (a) of equal volume, (/) of three 
volumes, (¢) of six volumes, (¢) of twelve volumes. All were equilibrated 
at 40 mm. of CO, at 387°C. and centrifuged; and the salines were analyzed. 


Total 


combined 
lee duced by ratio. | n 
lec. cor- 
puscles. 
rol rol 
percent perce nul 
Plasma | $240 0 60 7.2 
Saline (a), one volume... . 32 32 3:32 O75 7.12 
three volumes SI SS 7 05 
“ (e), six 24 1 00 7 00 
twelve 19 228 3:19 1 26 Ol 


From these data we see that under an inerease of Cy from 0.6 to 1.26 
x 10-8 (or pH 7.22 to 6.91) these corpuscles absorbed an amount of HCI, 
and produced an amount of alkali, corresponding to 228 volumes per cent 
of 


From Experiment 2 we see that when corpuscles have been 
loaded with HCl by exposure to a high tension of CO. and are 
then transferred to a saline solution of moderate alkalinity at a 
moderate tension of CO., they give off HCl and reduce the alkah 
of the solution, turning NaHCO, into NaCl. 

From Experiment 3 we see that normal corpuscles have a very 
large capacity for HCl The figures show only a slight decrease 
of alkali production in the second saline in which they were 
equilibrated at normal CO. tension. That they still had a large 
reserve capacity for ICL is shown by the even larger amount of 
alkali produced in a third saline in which they were equilibrated 
with a high tension of COs. 

In experiment 4 the contrasting figures for Samples A and B 
show that corpuscles may have their load of HCI] decreased by 
equilibration to a low tension of COs, and increased by a high 
tension. The less loaded and the more loaded are then seen to 
produce quite different amounts of alkali in saline both at normal 
and at supernormal tensions of CO.. But the increase of alkali 
called forth is nearly the same. Thus comparing Sample A2 
with Sample B2, and Sample A3 with Sample B3 we find 
— 36 = 14, and 104—91 = 13. 
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rom these experiments it appears that the capacity of the 
corpuscles to absorb and give off HCL is very large, and that it is 
controlled by the tension of CO. through the concentration of 
H.oCO, in solution. Evidently the total alkaline reserve of the 
blood is not merely the NaHCO, of the plasma but the entire 
acid-absorbing and alkali-producing power of the corpuscles. 
The data above given indicate that this acid-concealing power of 
the corpuscles is five or ten times as great as the acid-neutralizing 
power of the NallCQOs in its plasma. 


Requlation of Plasma Cy, by Alkali-Producing Power of Corpuseles. 


We thus see the enormously important part played by the 
corpuscles in the regulation of ©), in the plasma. Indeed, the 
Intrasanguinary mechanism for the regulation of neutrality neéd 
involve little more than the capacity of the corpuscles to produce 
NaHCOs,, or to neutralize it to NaCl, almost in proportion to the 
concentration of HeCOs,; for theory indicates that the C,, varies 
in proportion to the COs ratio (HLCO, : NaHCo,). 

Consideration of these experiments suggests that the placing 
of corpuscles in saline is virtually equivalent to adding to blood 
an amount of HCl just sufficient to convert all the NaHCO, of 
the plasma into NaCl. Presumably, if the blood were then 
equilibrated with 40 mm. of CO. the corpuscles would in large 
part (four-fifths to nine-tenths) restore the alkali in the plasma. 
But the Cy, would be increased by 10 or 20 per cent. 

Doubtless it is through its influence upon Cy, that the tension 
of COs and concentration of H.COs, act. If so, the effeets of the 
addition of acid or alkali to blood should be dealt with, not at a 
uniform tension of COs, as in the experiments above reported, 
but at a uniform Cy,;; that is, at a uniform CO. ratio. Thus if 
the normal level of the ratio HoCOs,: NaHCO, is 3:60, and an 
amount of HCl] is added corresponding to 20 volumes per cent of 
CO., the plasma alkali would not fall from 60 to 40 (although 
60 —-20 = 40), but merely to an intermediate figure, as long as 
the tension of COs is unchanged. But if the tension were reduced 
so that the concentration of HeCOs, is now 2 instead of 3, the alkali 
should then be 40. At the new level of 2:40 the Cy, would again 
be normal The load of HCL on the hemoglobin —or, if hemo- 
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globin acts as an acid, the amount of base combined with it 
would then be the same as at the original 3:60 level. The whole 
change would consist in the neutralization of part of the alkali 
in use and a proportional reduction of HeCO,. The CO. ratio 
and ©,, would be unaltered. This is, apparently, what occurs 
an vive (BO), 

The same consideration would apply to arise of level to 4:80 
due to addition of alkali. The CO. ratio and Cy being normal, 
the load on the hemoglobin would be the same as at the levels 
2:40 and 3: 60. 

We have performed some experiments in vitro which suggest 
that these expectations are correct, but thev need to be repeated 
and extended before detailed publication. 


CONCLUSIONS, 


Centrifuged corpuscles suspended in saline solution and exposed 
to a tension of CO. produce in the saline solution an amount of 
alkah only a little (one-fifth or one-tenth) less than that called 
into play in the plasma before centrifugation at this COQ. tension. 

Corpuscles may have their load of HC] increased or decreased 
by suitable equilibrations. The alkali-producing power of the 
corpuscles is adjusted accordingly. When suspended in a saline 
solution, corpuscles already heavily loaded with HCl call forth 
less alkali at a given tension of CO. than less loaded corpuscles. 

The total capacity of the corpuscles for acid is equivalent to 
an amount of alkali several times greater than that in the plasma 
of normal blood. This capacity is controlled immediately by 
the tension of COQ. and concentration of HeCO, and presumably 
the Cy,, in the blood. When the HeCQOs is increased there is an 
almost proportionate increase of NaHCOs and the change in the 
CO, ratio (HLCOs: NaHCOs) and Cy, is correspondingly slight. 

When whole blood is equilibrated at a very high tension of 
CQO, the alkali-producing power is not (as might be supposed) 
exhausted. The alkali called into use at such tensions is therefore 
not a measure of the total potential alkali-producing capacity 
of the corpuscles. It is merely a measure, or approximation, of 
What they can do in the existing plasma (high in NaHCQOs), 


against which thev are balaneed. 
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IX. AN IRREVERSIBLE ALTERATION OF THE H.CO,: NaHCO, 
EQUILIBRIUM OF BLOOD, INDUCED BY TEMPORARY 
EXPOSURE TO A LOW TENSION OF CO.. 


By HOWARD W. HAGGARD ann YANDELL HENDERSON, 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New llaven.) 


(Received for publication, September 25, 1920.) 


Observations in this laboratory have pointed repeatedly to the 
occurrence of a more or less permanent and irreversible, or diffi- 
cultly reversible, alteration in the blood under low tensions of COs. 
Henderson (1) observed such an alteration v7vo in L9OS8.  Hen- 
derson and Haggard (2) estimated the eritieal level at 33 to 36 
volumes per cent of CO. in the arterial blood, but we now think 
that, owing to neglect of temperature, these figures are somewhat 
too high. 

We found that in dogs, when overventilation of the lungs was 
earried so far that the arterial blood was reduced below the erit- 
ical level, an irreversible reduction in the CO.-combining power 
of the blood occurred. Thereafter, restoration of COs to the 
blood even by inhalation of COs. in air was ineffective, and death 
alwavs followed. 

In a more recent publication (3) we have called attention to 
the fact that in equilibrating blood with gases, for the deter- 
mination of the CO. dissociation curve, care must be taken that 
the blood is not exposed to very low tensions of CO:; e.g., 20 mm. 
or less at body temperature. At such tensions we found that 
the same, or a closely similar, alteration of the blood occurs 
in vitro as that noted above vivo. 

We were led to this observation by the occurrence of discrep- 
ancies in our analytical results. In some experiments the CQ, 
content deduced from the COQ. dissociation curve of the blood at 
the alveolar CO. tension did not agree with the CO. content found 
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in the arterial blood by direct analysis. This indicated that in 
these cases the curve was erroneous, and that the error was due 
to alterations in the blood vztro. 

In experiment Lis to be seen an example of this type of analyvt- 
ical discrepancy. ‘The arterial blood contained 46 volumes per 
eent of COs. Some of this same blood equilibrated with air 
containing 41 mm. of CO. likewise contained 46 volumes per 
eent of CO... But when a third sample of the same blood was 
equilibrated in succession to tensions of 18, 40, and 72 mim., the 
curve plotted from the analytical results indicated a COs content 
of only 42 volumes per cent at 41 mm. Ievidently the blood had 
lost CO. capacity in the course of the equilibrations; that is, 1t 
ealled less alkali into use at a CO. tension of 41 mm. than originally. 


Karperiment 1. The femoral artery of a dog was cannulated under local 
anesthesia. Arterial blood was drawn under oil and onto a small amount 
of oxalate. It was divided into three samples of which one (a) was imme- 
diately analyzed, another (4) was equilibrated with air containing 41 mm. 
CO, at 37.5°C. and analyzed, and the third (¢) was equilibrated in suc- 
cession at 37.5°C. with air containing 18, 40, and 72 mm. CQO,, and an analy- 
sis made at each tension. 


The analyses showed (a) = 46 volumes per cent CO.; (b) = 46 volumes 
per cent COs; (c) at IS mm. = 30 volumes per cent CO,, at 40 mm. = 41 
volumes per cent CO., and at 72 mm. = 50 volumes per cent COs, 


From the dissociation curve plotted from the last three figures, (c) at 
41 mm. would contain about 42 volumes per cent COs in contrast to 46 in 
(a) and 


It needs to be distinetly noted that this indicates quite a dif- 
ferent type of alteration of the corpuscles from the immediately 
reversible reaction to COs, or the adjustment of their load of 
HCl, discussed in the two previous papers. 


Erperiment 2. Arterial blood from a dog was oxalated. It was then 
equilibrated at IS mm. of COs, at 387°C. for } hour. At intervals samples 
were taken and analyzed for their content of CO... As S minutes is ample 
time for equilibrium, the following figures suggest a progressive loss of 
CO,-combining power. 

CO. content, vol. per cent. . 2b 2h 22 21 


Observations of the character shown in Experiment 2 also led 
us to suspect that exposure of blood zn vitro to iow tensions of 
(‘Qs results in some fundamental alteration in its CO.-combining 


| 


H. W. Haggard and Y. Henderson 211 


power. To test this hypothesis a sample of blood was equili- 
brated in suecession with decreasing tensions of (QO. and its disso- 
ciation curve plotted. With a second portion of the same blood 
equilibrations were made in the reverse order; that is, beginning 
with a very low tension but using the same gas mixtures as pre- 
viously. ‘The results obtained are shown in Experiment 3. 


Experiment 3.--Oxalated arterial dog blood was used. One sample (a) 
was equilibrated at 37.5°C., for 15 minutes each time, with air containing 
72, 40, 18, and lL mm. CQO,., and an analysis for CO, content was made at 
each tension. A second sample (6) was similarly equilibrated with the 
same CQ) tensions but in reverse order. The analysis showed: 

Sample (a) at 72, 40, IS, and 1 mm. contained 56, 47, 32, and 14 volumes 
per cent CO, respectively. 

Sample (/) at 1, IS, 40, and 72 mm. contained 14, 27, 38, and 49 volumes 
per cent CO. respectively. 

(Previous experiments have demonstrated that the time, 15 minutes, 
here allowed, is quite sufficient for the complete attainment of equilibrium. ) 


It has been shown by Christiansen, Douglas, and Haldane (4) 
that the CO.-combining power of defibrinated blood is sometimes 
initially greater than that of the undefibrinated, and that the 
defibrinated undergoes a progressive decrease of CQO.-combining 
power on standing. These authors, Buckmaster (5), and Bohr 
(6) refer to changes of blood alkalinity induced by defibrination 
as indicated by the work of 20 to 40 years ago in which the blood 
was titrated. But it is not easy to say just how much bearing 
these early observations have on the present problem. 


Experiment 4.--From a cannula in the femoral artery of a dog three blood 
samples of 10 ce. each were drawn in rapid succession. The first (a) was 
treated with ammonium oxalate under oil. The second (+) was carefully 
defibrinated by moderate stirring with a feather under oil. The third (c) 
was collected in a paraffined flask. All three were immediately equili- 
brated with 40mm. of CO, at 387.5°C. The analyses of these samples showed 


Sample (a) = 48 volumes per cent CO, 


Experiment 6. Two samples of arterial blood were drawn. One was de- 
fibrinated, the other oxalated. Both were equilibrated with 40 mm, CO, 
at 37.5°C. for 2 hours. At intervals samples were withdrawn and ana- 
lvzed. The results were as follows: 
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Defibrinated blood, vol. per cent. OA a2 


periment oxalated arterial hog blood was allowed to stand exposed 
to the air at room temperature ina beaker. One sample of the original 
blood was equilibrated with air containing 40 mm. CO. and a second with 
air of At intervals additional samples were taken from the 
beaker, and divided into two parts, of which one was immediately analyzed 
for CO, while the other was equilibrated with 40 mm. CO, and analyzed. 


content, vol. per cent... . 37 30 25 21 
CO -combining power at 30 

((),-combining power at 40mm. 40 40 3S My 


evidently this blood underwent no fundamental change until, at the 
end of SO minutes, its content of CO) tell below 30 volumes per cent and 
its tension below 21 mam. 


experiment 4 indicates that for the purposes of blood gas 
equilibration and analysis oxalated blood is much nearer to 
normal blood than is that which has been defibrinated. 

experiment 5 in turn indicates that even when defibrinated 
blood is kept at a CO. tension of normal amount it tends to 
undergo a progressive loss of COs-combining power.  Oxalated 
blood on the contrary within any reasonable time does not exhibit 
this change. 

In experiment 6 if is to be seen, however, that if oxalated 
blood is exposed to air it likewise undergoes a progressive loss of 
power when, but not until, the CO. tension falls 
below 21 mm. at room temperature as shown by the results of 
analyses of samples separated at intervals and equilibrated again 
at 40 mm. of COs. 

In Experiment 7 it will be seen that an even more rapid loss 
of CO.-combining power may be produced in oxalated blood by 
passing through it a continuous stream of air free from COs, 
In the performance of this experiment diffieulty was at. first 
encountered because of the concentration of the blood by evapo- 
ration as indicated by determinations of total solids. In the 
experiment here given a closed circuit apparatus was employed, 
The blood was placed in a paraffined vessel immersed in a water 
bath at 837°C. and by means of a small blower air was circulated 
through this vessel and through a wash bottle containing a solu- 
tion of sodium hydroxide. 
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Barperiment 7 Oxalated dog blood was subjeeted to a stream of 
free air circulated as deseribed in the text. The equilihrations and analy- 
ses were similar to those of experiment 6. 


(*O.-combining power at rm, . oe 


What the nature of the alteration in blood induced by over- 
ventilation may be we cannot as vet fully define. It appears, 
however, to be associated with several other phenomena among 
which the following may be mentioned. 

Some of the corpuscles are ruptured and the plasma or saline 
is tinged with hemoglobin in solution, as is shown in Paper XI 
of this series, 

Blood altered by overventilation does not thereafter meet the 
test for normality deseribed in Paper VIL of this series. Thus 
when two samples of such altered blood are exposed to different 
tensions of COs (for instance, 40 and 50 mm.) and analyzed, and 
their plasmas are separated and analyzed, it is found that the 
plasmas do not show the same difference in CO) content as do 
the two samples of whole blood at the two tensions. ‘This sug- 
gests that the alteration of the blood involves the development 
of abnormal differences of Cu between the fluid within the cor- 
puscles and that surrounding them 

We are inclined to believe (but further work is needed) that 
the alteration induced by overventilation Is also associated with 
the development in the corpuscles of an inereased eapacity for 
the interaction of oxvgen and COs. Data bearing on this matter 
are given in the following paper. 


CONCLUSIONS. 


When blood is exposed to a tension of CO. below a critical level 
it undergoes an irreversible, or at least not readily reversible, 
change. Thereafter, if it is equilibrated with a normal tension 
of COs it combines with distinetly less COs, and presumably pro- 
duces correspondingly less NalHlCO,, than it did at this tension 
previously.  Defibrinated blood is even more prone to such 
changes than oxalated blood, but oxalated blood likewise shows 
them. 

Some associated phenomena are mentioned, 
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HEMATO-RESPIRATORY FUNCTIONS. 


X. THE VARIABILITY OF RECIPROCAL ACTION OF OXYGEN AND 
CO, IN BLOOD. 


By HOWARD W. HAGGARD ann YANDELL HENDERSON, 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


Received for publication, September 25, 1920.) 


The opinion that variations of CO. content and of Cy in the 
blood influence the amount of oxygen absorbed or liberated by 
hemoglobin has won general acceptance. 

If this view is correct, the converse is, on theoretical grounds, 
extremely probable; namely, that variations of oxygen tension 
and content influence likewise the capacity of the blood to hold 
COs. 

Iixperiments directed by Ludwig (1) failed to show this effect, 
however; and Bohr (2) later had a similar negative result. 

Qn the other hand Christiansen, Douglas, and Haldane (3) 
believe that they have proved the phenomenon; and L. J. Hender- 
son (4) has recently based an extensive theoretical discussion 
upon their results. 

We find, however, that the facts in the matter indicate much 
more complicated relations than any one has supposed. Thus 
the following experiments show that one and the same blood may 
have this property of gaseous reciprocity in marked degree, or 
may lack it, according to the way the blood has been treated. 
Our observations suggest that the same treatment which, as 
shown in Paper IX, induces a lowering of the COs dissociation 
curve of the irreversible type also induces the capacity for recipro- 
cal action of gases. 

It is noteworthy that until recently, and to a large extent even 
now, most of the studies upon the blood gases have been made 
with defibrinated blood. In our hands, defibrinated blood com- 
monly shows the property of interaction of oxvgen and COs, 
while oxalated blood usually does not. 
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TABLE 


Influence of Oxygen tn Decreasing the CO, Capacity of Defibrinated Blood, 


Equilibrating gas mixture. | Average. 
rol. per cent rol. per cent 
Hydrogen + 40 mm. CO...............| 57 | 57.5 
2 Air + 40 mm. CO....... 50 4s 49 0 
Hydrogen + 40 mm. CO,............. 540 
Air + 40 mm. CQO....... 4s 46 470 
Hydrogen + 40 mm. CO2.............. 52 03.0 


For the experiments herewith tabulated fresh arterial dog blood 
was used. In some cases it was defibrinated; in others it was 
oxalated. In all eases the samples were equilibrated with the 
gas mixtures indicated in Tables I and II] at a temperature of 
40°C. and barometric pressures ranging between 755 and 765 mm. 


TABLE IL. 


In Oxalated Blood the Presence or Absence of Oxygen Does Not Influence the 
Capacity for COs, 


Equilibrating gas mixture. CO: content of blood. 
rol 
vol. percent per cent 
Air + 40 mm. CQ,.....| 42 43 42 
Nitrogen + 40 mm. CQO, 42 42 45 43 42.5 
2 Air + 40 mm. CO...... ayi 39 39 3S 39 of | 38.2 
Oxygen + 40 mm. 39 
Hydrogen + 40mm. CO, 39 ob 688.0 
Nitrogen + 40 “ CQO. 3S 1) 40 
3 Air + 70 mm. CQ,.....;) 5S ti) 
Hvdrogen + 70mm, CO, 56 5S | §7 


Nitrogen + 70 “ CO. SS 
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It will be seen that all the defibrinated bloods show the intluence 
of oxvgen in decreasing CO.-combining power. With the oxalated 
bloods, on the contrary, none of the variations in the figures 
obtained le bevond the range of analytical error. 


CONCLUSIONS. 


The action of oxvgen upon the COs capacity of blood is variable. 
It commonly occurs in dog blood which has been defibrinated, 
but not usually in that which has been oxalated. In the hght 
of the results reported in previous papers bearing upon associated 
processes it appears to us probable that the distinction between 
the effects of the two methods of treating blood is in some wav 
associated with the irreversible alteration discussed in Paper IX. 
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HEMATO-RESPIRATORY FUNCTIONS. 


XI. THE RELATION OF HEMOLYSIS TO ALTERATION OF THE 
H.CO,: NaHCO, EQUILIBRIUM. 


By HOWARD W. HAGGARD ann YANDELL HENDERSON. 


(From the Physiological Laboratory, School of Medicine, Yale University, 
New Haven.) 


(Received for publication, September 25, 1920.) 


In several of the previous papers of this series we have com- 
mented on the occurrence of hemolysis. From these observations 
it appears that there is a relation between hemolysis and the 
irreversible alteration of the blood discussed in Paper IX of this 
series, 

When we first observed this relation we were inclined to think 
that the explanation might be that laked hemoglobin acts in 
plasma like an acid. Perhaps it does; but it now seems to us 
that the evidence on the whole indicates something more funda- 
mental. One or the other, or an interaction of two processes 
may be involved. One is that excessive decrease of the load of 
HCl by exposure to abnormally low tensions of CO. may have 
effects within the corpuscles which include increased fragility. 
The other is that under conditions of abnormally low CO, 
ratio (relatively HeCO; < NaHCO) and therefore low Cy there is 
a strain upon the surface of the corpuscles which tends to cause 
their rupture. 

The matter is important as a possible hint regarding the phys- 
ical chemistry of the hemolytic incompatibility of some bloods. 
It is, we think, quite certain that it affords the reason why plasma 
or serum obtained either by allowing blood to stand or by means 
of the centrifuge is often tinged with hemoglobin. Hemolvsis 
usually occurs when the surface of the blood has been exposed to 
the air so that gaseous diffusion acts freely on even a thin layer; 
but the plasma is generally clear if the surface is protected with oil. 
In our experience the serum of defibrinated blood is generally 
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tinged with hemoglobin; and this, we believe, is largely due to 
the exposure of the blood. 

In Table Tare summarized the observations which occurred in 
experiments on the blood of a number of dogs. In each ease a 
sample of arterial blood was oxalated, equilibrated with 40 mm. 
of COs, and analyzed. A second oxalated sample was equilib- 


TABLE 1. 
lation of Hie molysts to the rsthle Alteration of ( (),-( ‘ombin ing Power 


[nduced in Blood hy a Preliminary Equilibration at an Abnormally 
Low Tension of COs, 


First sample. second sample 


content at content at 
Hemolysis ISmm. and then Hemolysis, 
at 40 mim. 
rol. per cent rol. per cent 
45 44 -- 
3 -- 24 +t 
5 30 -- 21 29 — 
t) 30 10 
4) - 2 
10) > 0) 
14 39 
> 3 Ze — 
Is 2s 28 
20 1] 26 oe 


rated first with air containing only IS mm. of COs, then with 40 
min. of COs, with analyses at each tension. As will be seen in 
the table, some degree of hemolysis was observed in more than 
half of the second samples but in none of the first. It is also to 
7 be seen in the table that the “irreversible effect’? in reduction of 
C().-combining power occurred in exact parallelism to hemolysis. 
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Thus whenever the figure in Column 5 was distinctly lower than 
that in Column 2 hemolvsis developed. Whenever the figures were 
virtually the same in these columns hemolysis was absent. 

It is also to be seen in the table that hemolysis and the irrever- 
sible alteration of COs capacity are not induced in all bloods at 
the same CO. tension or content. This is probably due to the 
fact that it is not only the HCI load of the corpuseles but also 
the previous alkali content of the plasma which determines the 
conditions, particularly the Cu, induced within and without the 
corpuscles by a low tension of CO. (for instance IS mm.). If 
this view is correct, the data in the table suggest that by the 
methods used in Paper VIIL of this series the resistance of the 
corpuscles to hemolysis of this type may be artificially increased 
or decreased. We hope to test this iden. 


CONCLUSION. 


The oecurrence of hemolysis in connection with the irreversible 
alteration of COs. capacity induced by exposure of abnormally 
low tensions of CO. is demonstrated. 
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GASOMETRIC DETERMINATION OF NITROGEN AND 
ITS APPLICATION TO THE ESTIMATION OF THE 
NON-PROTEIN NITROGEN OF BLOOD. 


By R. L. STEHLE. 
(From the Marine Biological Laboratory, Woods Hole, and the Laboratory 
of Physiological Chemistry, School of Medicine, University of Penn- 
sylvania, Philadelphia.) 


(Received for publication, September 25, 1920.) 


A number of reactions between sodium hypobromite and vari- 
ous nitrogenous substances are known in which nitrogen ts liberated 
as a gas. Among this number are the reactions with urea, 
ammonium salts, uric acid, creatine, ete. A method for the 
quantitative estimation of the first named has been based upon 
the reaction in point, though it has now been discredited to a 
large extent. As far as the writer is aware the reaction between 
sodium hypobromite and ammonium salts has never been util- 
ized in the quantitative determination of nitrogen. According 
to Krogh! this reaction falls short of being quantitative as in 
the case of urea. She found 97.5 per cent of the nitrogen of 
ammonium chloride to be liberated by sodium hypobromite and 
obtained a qualitative test for nitric acid in the solution after 
the reaction. 

The experiments carried out heretofore have been performed 
at ordinary pressures. Some time ago it occurred to the writer 
that it would be of interest to carry out several of the above 
reactions in the apparatus devised by Van Slvke* for the deter- 
mination of the carbon dioxide content of blood plasma; that is, 
in vacuo. The urea reaction was tried first and the outcome was 
clear-cut to the extent that this is possible with an apparatus 
of the capacity of that in question. Instead of a smaller quan- 
tity of nitrogen which is obtained when the reaction occurs at 


Krogh, M., Z. physiol. Chem., 1913, Ixxxiv, 379. 
? Van Slvke, D. D., J. Biol. Chem., WZ, xxx, 547. 
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atmospheric pressure, trial showed that the theoretical quantity 
of nitrogen is liberated. It was observed incidentally that the 
quantity of carbon dioxide produced is also in accordance with 
theory. Ammonium sulfate was then substituted for urea and 
again the theoretical quantity of nitrogen was obtained. Whether 
Iwrogh’s results were due to the concentration or pressure relations 
obtruning in her experiments is not clucidated here, nor is the 
result in the case of the urea reaction, but the analyses submitted 
in this communtiention show that the vield of nitrogen obtained 
in the Van Sivke apparatus is quantitative.  Tnasmueh as in the 
Kjeldahl method for total nitrogen the tirst step is the conversion 
of the nitrogen of the sample into ammonium sulfate, we have 
in the hypobromite method an aliernative procedure for the long 
distillation process of the Kyeldahl method, which is considerably 
shorter and requires no standard solutions. As deseribed here, 
using the ordinary Van Slvke apparatus, the method does not 
have the aceuracy obtainable by the Kjeldahl method. This is 
due to the impossibility of reading the volume of mitrogen with 
so high a degree of precision as one might wish. Enlarging the 
apparatus would help, but whether this is feasible the author has 
not attempted to decide. However, the accuracy obtainable 
with the ordinary apparatus is ample for many purposes. 

The procedure is as follows. The sample is digested with 
as small a quantity of sulfurie acid as possible and a small crystal 
of copper sulfate. After cooling, it is diluted and the solution 
made up to some definite volume, for instance 100 ce. A definite 
quantity, preferably not more than LO ce., is then placed in the 
apparatus. The dissolved air is liberated by subjection to a 
vacuum and expelled. Strong alkali sufficient to neutralize the 
sulfurie acid is run into the apparatus followed by 2 ce. of the 
hyvpobromite solution... The pressure in the reaction chamber is 
reduced and after shaking for about a minute the liberation of 
nitrogen is complete. Apparently, if the hypobromite is present 
in more than a slight exeess, there is some liberation of oxygen. 
In order to eliminate the error which would result from its pres- 


‘Two stock solutions are prepared. One contains 28 gm. of sodium 
hydroxide per 100 ce.: the other 12.5 gm. of sodium bromide and 12.5 gm. 
of bromine per 100 ce. For use one volume of each and three volumes of 


water are mixed 
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ence, Lec. of a sodium pyrogallate solution (5 gm. of pyrogallate 
acid in 100 ee. of 28 per cent sodium hydroxide) is run into the 
reaction chamber as soon as the decomposition of ammonium 
sulfate is complete. After the oxygen has been absorbed the 
solution is freed from dissolved gases and is then lowered into the 
proper chamber whereupon the nitrogen volume is ready to be 
measured. This can be done so that the contained gas is at 
atmospheric pressure or by making the volume exactly 1 ce. and 
then measuring the pressure conditions necessary to accomplish 
this. A somewhat higher degree of accuracy appears to be 
obtainable by the latter procedure. It has the advantage that 
one is adjusting the meniscus at a set mark instead of estimating 
between marks, and, what is more important, one is always using 
the maximum capacity of the apparatus. Since the error of 
reading the volume is the same at any point, it is obvious that 
the error of any determination introduced by this cause will be 
smaller the greater the volume measured. On the other hand, 
if the quantity of gas is so small that the pressure must be reduced 
to 40 or 50 mm. Hg, for example, then small errors made in esti- 
miating the pressure introduce a relatively large error, though 
perhaps not so large then as when the volume is read at atmos- 
pherie pressure. Correction must be made for the nitrogen con- 
tent of the hypobromite solution. This is approximately 0.009 
cee. (at 760 mm. Hg and 0°) per 1 ce. of solution, ‘The nitrogen 
content of the strong alkali and pyrogallate is negligible. 

The quantity of nitrogen dissolved in the final solution is 
worthy of consideration. If the quantity of solution amounted 
to 10 ce. and the amount of nitrogen liberated was about 1 ec., 
then, since the capacity of the apparatus is 50 cec., the minimum 
nitrogen pressure obtainable in the apparatus would be 4» of an 
atmosphere. 1 ce. of water dissolves 0.01639 cc. of nitrogen at 
20° and 760 mm. pressure. At “» of an atmosphere the amount 
would be yo &® 0.01639 = 0.00041 ce. per Lee. of water, or 0.0041 
ec. per L0-ce. The solvent here is not pure water, however, but 
a rather strong solution of sodium sulfate, sodium bromide, and 
sodium pvrogallate in which the nitrogen solubility is consider- 
ably less than in pure water. The exact concentration Is a vari- 
able quantity and of course no solubility data exist which meet 
the present demand. If it is assumed that a LO per cent solution 
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of sodium sulfate is approximately correct, then the correction 
per 10 ce. would be about 0.002 instead of O.0041 ce. This 
may be 50 per cent from the true value without introducing an 
error greater than O.1 per cent into the final result. If the vol- 
ume of gas measured is 0.5 ce. instead of 1 ce., then the correction 
just suggested is halved. According to the accuraey desired the 
solubility factor may be taken into account or neglected. 

The results obtained on various substances are given in Table I, 


TABLE I. 
Substance, Pound 
ce 
Sodium sulfanilate........ ».92 OF 
6.07 
15.6 13.9 
32.4 a2 .4 


The method for the determination of total nitrogen just 
deseribed may be applied to the determination of the non-protein 
nitrogen of blood. The tungstic acid precipitation method 
described by Folin and Wut for obtaining a protein-free blood 
filtrate is well adapted for the present method. 5 or 10 ce. of the 
filtrate are digested with 0.5 ec. of nitrogen-free sulfurie acid and 
| drop of a 5 per cent copper sulfate solution. Small Kjeldahl 
flasks (30 ce.), with necks bent almost at right angles about 13 
inches from the end, serve well for the digestion. They are heated 


4 Folin, O., and Wu, H., J. Brol. Chem,, 1919, xxxvin, S1. 
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in a Bunsen flame before use to reduce bumping. If the heat 
from the microburner used in the digestion is controlled by hand 
manipulation, there is little danger of loss of material. After 
the contents of the flask have charred, the burner mav be set 
under the flask with the flame reduced. At the first sign of 
an ominous stillness in the flask a piece of quartz sand is dropped 
in, and active though gentle boiling tmmediately oecurs. This 
process is repeated as often as necessary until the digestion 1s 
complete. Digesting with the sulfurie-phosphoric acid mixture 
recommended by Folin and Wu hastens the process, but the 
method has disadvantages which outweigh the 2 or 3 minutes 
saved. After cooling the digest, it is diluted with 4 or 5 ce. of 
water and the sulfurie acid is partially neutralized with strong 
alkali. This is done merely to save the generation of unneces- 
sary heat in the apparatus. One can determine how much 
strong alkali (55 per cent) is required for 0.5 ce. of sulfuric aeid, 
and add about two-thirds of this quantity. The solution is 
again cooled and then transferred to the apparatus. ‘The volume 
of liquid should be about 10 ce. (It is desirable, of course, to 
keep the volume as small as possible but if sufficient water is not 
present sodium sulfate erystals will form.) Dissolved air is then 
eliminated in the usual manner. If this is not well attended to 
a relatively large error will be introduced in the case of a blood 
normal with respect to its quantity of non-protein nitrogen inas- 
much as the amount of gas liberated is small. Sufficient alkali 
to complete the neutralization of the sulfurie acid is new run 
into the vacuum chamber followed by 1 ce. of the lhypobromite 
solution deseribed. The apparatus is immediately evacuated 
and shaken for about a minute. As soon as the reaction is com- 
plete 1 ce. of pyvrogallate solution is admitted and the apparatus 
is again shaken to insure the absorption of anv oxygen. As a 
rule the heat of neutralization is sufficient to warm the apparatus 
several degrees. It is necessary, therefore, to allow it to stand 
for a time before reading the volume of nitrogen or it may be 
immersed in a evlinder of water for a few minutes. After the 
gas is at room temperature the volume is measured in the usual 
manner. If the blood were a normal specimen the volume of 
gas obtained from 5 ce. of filtrate would be in the neighborhood 
of 0.20 cc. The device of making the volume 1 ce. arbitrarily is 
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appropriate here. In reducing the volume to standard condi- 
tions substitution in the ordinary gas formula is suitable for an 
oceasional determination, but for routine work the tables given 
in Landolt-Bornstein-Roth’s “Tabellen” are a great convenience. 
TABLE IL. 
Non-Protein Nitrogen, per 100 Ce, Blood, 


Ilypobromite method | Kjeldahl method. 
mg. | mi. 
39.5 41s 
9 


| 
‘ 


tesults are easily duplicated by the method just described 
and to some who have difficulties with colorimetric methods the 
choice of a method based upon a perfectly clear-cut chemical 
reaction may be welcome. The results have been checked by 
the Kjeldahl method (Table Il), though this could hardly be 
considered essential in view of the results given in Table I. 
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RELATION OF FODDER TO THE ANTISCORBUTIC 
POTENCY AND SALT CONTENT OF MILK.” 


By ALFRED F. HESS, L. J. UNGER, ann G. C. SUPPLEE. 
(From the Bureau of Laboratories, Department of Health, New York.) 


(Received for publication, October 26, 1920. 


In 1914 Funk (1) raised the question as to whether milk varies 
in its vitamine content according to the fodder of the cow. since 
this time several other investigators have referred to an interre- 
lationship of this nature, notably Barnes and Hume (2) in a 
recent paper on the antiscorbutic content of milk. In an article 
treating of the fat-soluble vitamine, we suggested an insufficicneyv 
of this dietary factor in milk as the result of the winter fodder 
of cows (3). Indeed, in view of the probability that the animal 
organism is Incapable of synthesizing vitamines, and is dependent 
on the food for its supply, one should expect the milk to be greatly 
sffected by the dietary intake. The first experiment:| proof of 
the existence of this interrelationship has been furnished recently 
by the work of Hart, Steenboek, and Ellis (4). These investi- 
gators conclusively show that milk secreted by cows receiving 
dry fodder contains far less antiscorbutie vitamine than milk 
secreted by cows on summer pasture. The herd which they 
tested had never been given any “fresh green vegetable tissue,” 
having been fed continuously on “air-dried roughages and grains.” 
The summer pasture milk was derived from cows which grazed 
part of the day on grass and clover. 

Our investigation, which was undertaken last spring, differs 
from that of Hart, Steenbock, and Ellis mainly in a delimitation 
of the duration of the feeding periods, and in the inclusion of a 
chemical examination of the two varieties of milk. The plan of 
the experiment was as follows: Five grade Holstein cows which 
had been freshened about 2 months previously were emploved 


* Presented before the Society of Experimental Biology and Medicine, 
New York, October 20, 1920, 
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for the entire test. These cows had been stall-fed throughout 
the winter on a normal winter ration of ensilage, hay, and con- 
centrates. Beginning April 30th, 1920, and for 21 days there- 
after, the cows were fed on a daily ration of 25 pounds of. a con- 
centrate mixture which consisted of one part of bean meal, two 
parts of oil meal (flaxseed extracted by pressure), two parts of 
hominy, two parts of gluten meal, and two parts of bran; they 
received also 8S pounds of kiln-dried beet pulp, 4 quarts of molasses, 
and 12 pounds of straw. The object of this dietary was to pro- 
vide a food which was ample in all respects excepting in its quota 
of antiscorbutie vitamine. Tor the first few days the cows mani- 
fested a marked loss of appetite, but thereafter they consumed 
practically the entire amount of the dry ration. They had pro- 
duced, prior to this experimental feeding, an average of about 
40 pounds of milk per day. At first this change in fodder resulted 
in an average decrease in milk production of about 10 pounds per 
cow per day, but later the animals became more accustomed to 
the ration, so that at the end of the 21 day period there was an 
average decrease in milk flow of only 5 pounds per day. The 
general health of the cows had not been maintained. After 3 
weeks of this antiscorbutic-free ration a mixed sample of milk 
from all five cows was collected and dried by means of the Just 
roller process, by which it is subjected to about 230° F. for a few 
seconds, 

The cows were then placed on pasture for 3 weeks, a small 
amount of concentrate being given, in addition, for the first few 
davs only. After 3 weeks pasturage, a day’s milking of the five 
cows was collected and dried. Throughout this second period, 
excepting for the first few days, the cows received only fresh 
grass. The physical condition of three of the cows showed 
marked improvement, but two did not respond so quickly to the 
change in fodder. The production of milk did not increase 
materially during this period of pasturage, and at its close was 
still 5 pounds less per cow per day than before the concentrated 
feeding had been instituted. : 

The object of using dried rather than fluid milk for this experi- 
ment was that it permitted a test of both varieties of milk to be 
carried out svnehronously and under identical conditions. It is 
evident that only by this means could dry fodder milk and pas- 
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ture milk from the same cows be tested at one and the same 
time. lurthermore, it made it possible to define sharply a feed- 
ing period —3 weeks -and thereby to judge the effect on the 
quality of the milk of a dietary given during this limited period. 
Unless dried milk were used, the pasture milk would represent a 
product varving according to the ever lengthening time that the 
cows had been grazing, whereas by using dried milk the entire 
quantity was obtained from 1 davy’s milking just 5 weeks after 
drv fodder had been discontinued. 

‘The milk was kept tightly sealed in tin containers until required, 
and was then diluted with water to its original water content. 
Guinea pigs were fed the equivalent of SO ec. per capita daily of 
fluid milk, in addition to oats and bran. This amount of milk 
was selected because previous tests with dried milk had shown 
that it contains what may be termed the borderline protective 
dose of antiscorbutie vitamine, and that when guinea pigs are 
given more than this quantity they fail to develop scurvy. Every 
animal received its full quota daily, supplementary hand feeding 
being resorted to when necessary. 

Charts 1 and 2 illustrate the results of two sets of feeding tests. 
It is seen that all the guinea pigs ted with the drv todder milk 
developed scurvy within a period of 21 days, and died of scurvy 
within 56 davs. On the other hand, the animals which received 
pasture milk are still alive after more than twice this Interval— 
120 davs -two showing mild signs of seurvy. The contrast is 
striking, and definitely illustrates the marked difference tn anti- 
scorbutic content of the two varieties of milk. 

When we bear in mind that this marked alteration in the qual- 
itv of the milk took plaice in cows which had been on pasture but 
3 weeks, it is evident that the antiscorbutie vitamine of the food 
is rapidly secreted into the milk by the lacteal glands, even in 
the extreme instance where the body has been absolutely starved 
of this vitamine. ‘The tissues do not seem to replenish their 
deficiency of this vitamine or to hoard it before excreting any 
from the body by way of the milk. This result bears out some 
unpublished experiments which showed that guinea pigs are 
unable to store the antisecorbutic vitamine, that even though 
their diet has contained it in large excess such provision does 
not protect them from a subsequent period of antiscorbutic vita- 
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re 


CHarr l. Guinea pig feeding experiment. The cows producing this 
milk had been fed on fodder containing almost no antiscorbutie vitamine 


for a period of 3 weeks. 
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(uyart 2. Guinea pig feeding experiment. Milk from the same cows 
as in Chart 1 after they had been pasture-fed for a period of 3 weeks. 
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mine starvation. In other words, these animals seem to be carry- 
ing on a precarious hand-to-mouth existence in relation to this 
essential dietary factor. 

The feeding test with dry fodder milk demonstrates that it 
contained but little antiscorbutic vitamine. If we compare this 
result with that obtained when guinea pigs are fed an equivalent 
amount of milk which has been autoclaved at 110°C. for 1 hour 
in order to destroy its antiscorbutie vitamine, we find that there 
is little difference in the length of time it takes for seurvy to 
develop; the sole advantage enjoyed by the guinen pigs fed on 
the dry fodder milk is 2 somewhat longer duration of life. Such 
a result must be interpreted as indicating that at the end of the 
first stage of our test the cows were secreting milk which was 
almost devoid of the antiscorbutie vitamine, and that when the 
supply of this dietary factor is entirely cut off, the milk is rapidly 
depleted of its antiscorbutie content. It should be remembered, 
however, that the feeding conditions were exceptionally rigid, 
so severe as to be rarely encountered under natural circumstances 
in man or in animal, 

Table IT shows the composition of the milk as affected by the 
two kinds of fodder. A composite sample of the liquid milk 
from all five cows was used for the analyses, with the exception 
of the lecithin determination, for which dried milk wasemploved., 
A study of the table shows that the fat. protein, and sugar 
percentages were very similar, but that there were certain well 
defined differences in the composition of the ash of the two milks. 
Passing over minor variations, it is seen that the percentages of 
ealetum and of phosphorus were significantly higher in the pas- 
ture milk and that its citrie acid content was over 50 per cent. 
ereater.| On the other hand there was less sulfur in this milk, 
in spite of its somewhat higher protein content. 

The percentages of caletum and of phosphorus in the anti- 
scorbutie-free milk are below the normal; those of the pasture 
milk are within normal limits. The question of a causal rela- 
tionship naturally suggested itself between the lack of anti- 
scorbutic vitamine and the decreased excretion of these salts 


' Citric acid was determined by the Bacon and Dunbar method (Bacon, 
and Dunbar, P. B., U.S. Dept. Agrtc., Bureau of Chemistry, Crreular 
78, 1911). 


= 
he 


net 
€ 
$ 
bg 


4 + 


* 
q 
7 
4 4 
5 * 
5 
2 
‘ 
4 & > 
4 
& 
4 
{+ 
> 
i 
+ 


254 Fodder and Antiscorbutie Potency of Milk 


into the milk. A conclusive answer to this question must be 
postponed, however, until further data are available. 

The increase in citric acid may be explained in part by the 
greater amount of citrates contained in the green fodder, but 
gains added interest in view of the close association between 
eitric acid and many of the most potent antiseorbutic foodstuffs. 
In view of the marked variation of this constituent in the two 


TABLE 
Composition of Milk as A ffected hy Fodder. 


Yntiscorbutie- 


he 
free fodder, Vastur 


per rent per cent 


Total solids... 11 62 11 Sl 
Total protems (N X 6.38). 2.82 2.93 
Casein 6.38) 2.28 2.32 
Albumin (N X 6.38)... .... 42 49 
iextractive nitrogen. . OY | Ov 
Lecithin. .... 069 0.7 
Lactose... .. 173 6 
Citric aeid OS 0.13 
Potassium oxide... 150 0.157 
Calenim 7 13S 0 165 
Phosphorus pentoxide... 15S 0 190 
Sulfur trioxide... reer 0 023 O14 


varieties of mulk. normal figures whieh have been established 
without regard to the fodder of the cows must be regarded as 
incomplete (5). In fact a lesson to be derived from this chem- 
eal examination of antiscorbutie-free and of pasture milk is the 
danger of setting up rigid standards for milk constituents, and the 
necessity of prefacing such results with full data as to the diet of 


the Iactating animal. 
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CREATININE AND CREATINE IN THE BLOOD. 


By CHIL WANG ann MAMIE L. DENTLER, 


(From the Nutrition Laboratory, Department of Home Economics, University 
of Chicago, Chicago.) 


(Received for publication, October 26, 1920.) 


lew figures have been published for the creatinine and creatine 
in the blood of normal women. Hunter and Campbell (1) make 
the tentative suggestion that blood creatinine is lower for women 
than for men, but all the women they observed were either in 
late stages of pregnancy or were convalescent after childbirth, 
and were therefore very inactive. Thev also conclude that the 
creatinine is “lower in subjects deprived of exercise than in those 
leading an active life.” It may be, therefore, as they themselves 
suggest, that the inactivity rather than the sex of the subjects 
is the cause of the difference. Their average plasma creatinine 
for forty-three males is 1.04 mg. per LOO ec. and for seventeen 
females O.S7 mg. Plass (2) also gives lower figures for creatinine 
concentrations in women than in men—1.0 to 1.2 me. and 1.3 to 
1.5 mg. per 100 ce. respectively——but he does not give a detailed 
report on this investigation. 

Creatine, on the other hand, according to Hunter and Camp- 
bell (1) seems to be higher in the blood of females than of males, 
6.81 me. on the average (uncorrected) as opposed to 5.57 meg. 
per 100 ce. It is also higher in women in late stages of pregnancy 
than in normal women (3). 

Considerable variation in creatine is to be expected both from 
individual to individual and in the same individual from day to 
day. The creatinine is a much less variable quantity. Ham- 
mett’s (4) recent series of weekly analvses of blood from the same 
individuals shows this difference plainlv. He divides the various 
blood constituents into three groups according to the amount of 
variation from day to day in the same individual. Creatinine is 
in the first group, the least variable of all; and creatine in the 
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second group, more variable than creatinine, total non-protein 
nitrogen, and total nitrogen, and less variable than uric acid, 
amino-acid, and urea nitrogen. Some of Hammett’s subjects 
were women but he does not say which figures belong to the 
women and which to men. 


TABLE 1, 
l-xperimenters Creatine per 100 
mo 
Folin and Denis (5)... | 1.1-1.4 4 
Myers and Fine (6 5.0 -10.0 
Ciettler and Baker (7)....... 0.1 0.5 3.0 -6.5 
2.5 
Hunter and Campbell (1)............. -1.3 2.4-3.8 
Average about 3.0. 
Pemberton and Buckmann (10). . -15 37-5.0 
Hammett (4). 1. 08-1.67 6G 2] 
It is not surprising, therefore, that the many published figures 


for creatinine should be in fairly close agreement (with the exeep- 
tion of those of Gettler and Baker (7)) and that the creatine 
figures should show considerable variation. Also the older 


method for creatine was much more faulty than that for creati- 
nine. Vable IT summarizes most of the published creatinine and 

| creatine figures, the great majority of them being for men. 
| No work has been done on variation of creatinine and creatine 
in blood during menstruation. That sueh variation might be 
» expected could be anticipated by the work of Krause (11) and 
that of Rose (12) on urine. The results of the former show that 
on a crestine- and creatinine-free diet creatine is invariably pres- 
ent in the urine after menstruation, while the latter states that 
the creatine in urine tended to disappear during menstruation in 
a number of the cases studied, though in most cases no regularity 

was observed, 

It therefore seemed desirable to obtain more figures on the 
blood creatinine and creatine of normal women and especially to 
| determine whether there ts any regular variation during men- 
struation, 
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EXPERIMENTAL, 


lor our experiments we had as subjects twenty-four apparently 
normal women students or faculty members ranging in ages from 
2 to 41 vears and following the ordinary University regime with 
a good deal of laboratory work. They were, therefore, decidedly 
more active than those who served Hunter and Campbell as 
subjects, 

TABLE IL. 

Intermenstrual and Menstrual Creatinine and Creatine per 100 Cec. of Blood, 


Preformed creatinine. Creatine as creatinine. 
_ Menstrual. Menstrual 
| yrs. mg. ma 
| 21 | 0 12 3.45 3.22 
| 21 | 1 38 1.10 4.05 2 6S 
| i ta 2 23 
22 | 1.42 2 
24 162 | 1 55 SI 2 99 
M. A. P.f 26 > 2.00 3.38 
ee 11 1.13 2 2 45 
L. M. 2S | 3 
1.00 138 | 2.28 35 
OS 133 | 2.98 | 3.68 2 99 
2S OF 1 65 3.22 3.29 
11S 1.36 3.20 3.14 
29 1 46 3.12 
33 1.30 | 1.36 35 Ol 
M. M 34 156 1.02 OF 64 
101 | 4.82 
37 1.27 SO 3.19 
1.28 1 #4 3.74 
. 1.25 1.35 3.24 3.16 


* Menstrual specimen 2nd day of period. 
t Irregular menstrually; 5 weeks overdue. 


The blood specimens were drawn on the first day of the men- 
strual period, if possible, but in a few instances on the second 
day (exceptions which are listed in Table IT), and a second speci- 
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men during the intermenstrual period. No definite regularity 
as to the hour for drawing the samples was followed but in all 
but a Very few cases the time was between 11 a.m. and 12 m. or 
late in the afternoon; that is, 3 or 4 hours after the last meal. 
The diet of the subjects was not controlled, but their general 
habit was to live on a rather low protein level. 

In determining the creatinine and creatine Folin and Wu's (13) 
new method was exactly followed. The picric acid was purified 
according to the method of Folin and Doisy (3). The creatinine 
for the standard, obtained from the Central Scientific Company, 
was tested for purity by reecrystallization from alcohol and com- 
parison of the reervstallized and original substances in the colorim- 
eter. No difference was observed. 

The results of the analvses are given in Table II. 


Discussion of he sults. 


We find no regular variation in the creatinine and creatine 
during menstruation. The average of all results for creatinine 
for the intermenstrual period is 1.25 mg., while for the men- 
strual period the average is 1.35 mg., an increase of only 7.4 per 
cent. For the creatine, we find an average of 3.24 mg. during 
the intermenstrual period and of 3.16 mg. during menstruation, 
which is a decrease of 2.5 per cent. 

Of the fifteen individual cases with both menstrual and inter- 
menstrual observations, nine show higher creatinine during the 
menstrual period, five lower, and one no difference. The greatest 
difference amounts to 0.58 me. For creatine, seven show lower 
figures during menstruation and eight higher. 

Thus, while the figures seem to show an occasional tendency 
toward increased creatinine and decreased: creatine during men- 
struation, the proportion of the cases showing this tendeney ts 
not high enough to justify any definite conclusion. It is safer to 
conclude that the variation is not regular and is no greater than 
expected from day to day. | 

It is of interest to compare our figures with those of other 
investigators, summarized in Table I. Our ranges for creatinine, 
0.96 to 1.65 mg., and for ereatine, 2.23 to 4.65 mg., are within 
the limits of other investigators. All but five of our creatinine 
results fall within the limits set by Hammett (4). Our creatine 
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results are lower than his. Thirteen out of thirty-seven of our 
figures are below his lower limit and none reaches his upper 
limit, 6.21 meg. 

Our results thus fail to substantiate the suggestion of Hunter 
and Campbell (1), that the creatinine appears in lower concen- 
tration in the blood of women than of men. 

Like Hunter and Campbell (1) we fail to find figures in agree- 
ment with work by Feigl (9) indicating an increase of creatinine 
with age. Feigl worked with a large group of people ranging in 
age from under 10 vears up to SO vears. We have only a small 
number falling in any of the three decades represented, and if 1s 
impossible to draw any definite conclusion that there is 2 greater 
concentration with increased age. 


Influence of Sugar Diet on Creatinine and Creatine Determination. 


We also had as a secondary problem the influence of sugar on 
blood creatinine and creatine. We made analyses on the blood 
of ten women on a normal diet, usually from 1 to 2 hoursaftera 
meal, and, again on a different day, 1 hour after the subject had 
eaten 70 gm. of sugar. Table IIT shows the comparative results. 

TABLE IIL, 
Results on High Sugar Diet per 100 Ce. of Blood. 


- - 


Preformed creatinine. Creatine as creatinine. 
Subject. Age 
Low sugar. High sugar Low sugur High sugar 
yr me}. mo | me. 
1.10 141 3.30 | 4.25 
20 1 49 4.60 4.55 
W. S.T 2H 1.10 L.3l 2 2.40 
22 4S 1 56 SI 
108 1.10 45 4.36 


* High sugar taken on 2nd day of menstruation. 


. 

ri 
¥ 
= 
a 

+ 
4 
& 
| 
vt 
* 
# 
4 
af 
> 
; 
gis 
4 ‘ 
wh 
is 
4 
d 
af 
Be 

, 

be: 
2 


242 Creatinine and Creatine in Blood 


Discussion of Table ITT. 


On the high sugar, with one exception, the creatinine was 
higher than without sugar. The greatest increase is 0.39 mg., 
and the least 0.07 mg. The average for all shows 1.21 mg. of 
creatinine on the normal diet and 1.41 mg. on the high sugar; 
an increase of 0.20 mg. or 17 per cent. 

The creatine readings were not so noticeably influenced, prob- 
ably because the possible increase due to glucose was masked by 
the usual day by day variation. The average without the sugar 
was 3.41 mg. and with the sugar was 3.06 mg. 


SUMMARY AND CONCLUSIONS, 


1. Observations were made on the creatinine and creatine of 
the blood of twenty-four normal women, fifteen of them being 
observed during both intermenstrual and menstrual periods. 

2. No regular variation was found during menstruation for 
either creatinine or creatine. 

3. In nine cases there was a slight creatinine increase during 
menstruation and in five a decrease. On the other hand, seven 
eases showed lower creatine during menstruation and eight 
higher. 

4. The range for creatinine in the different subjects was from 
0.96 to 1.65 mg. per 100 ec. The average content was found to 
be 1.30 mg. This falls within the range observed by other 
investigators, chiefly on men, and fails to substantiate the sugges- 
tion that blood creatinine is lower in women. 

5. The range for creatine concentration is from 2.23 to 4.65 
mg. per 100 ec., which is slightly lower than the range observed 
by other investigators. 

6. No relation was observed between the age of the subject 
and increased creatinine. 

7. The accuracy of creatinine determinations may be affected 
by high sugar diet, through the additional development of color 
by glucose. 


The authors wish to thank Dr. Katharine Blunt for her helpful 
suggestions and her untiring assistance, and other members of 
the department for their interest in this work and their coopera- 
tion in acting as subjects. 
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